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was infrequent . . . No signs of renal irritation were encountered. The incidence 


of allergic reactions also appeared decreased.” 
1. Lehr, D.: Presented at The Scientific Exhibit, American Medical Association, June 21-25, 1948, 


tii-sulfany| 


more effective sulfonamide therapy 


Each 5 cc. of syrup Sulfadiazine 0.162 Gm. (2! gr.) 
(approz. ul) Sulfamerazine 0.162 Gm. (214 gr.) 


71/p grains of sulfa compound: 


Tri-Sulfanyl Syrup also contains sodium 
citrate 0.375 Gm. (5.8 gr.) ina 
pectinized, vanilla flavored base. 


Samples on request. 


casimir funk laboratories, inc. 


affiliate of u.s. vitamin corporation 
250 E. 43rd St., New York 17, N. Y. 


4 
syrup 
and 
tablets 


CONTENTS 


The American Journal of Medicine 


Vou. VII_ DECEMBER, 1949 No.6 


Contents continued from page 3 


Effects of Clockwise Rotation of the Heart on the Electrocardiogram 
EMANUEL GOLDBERGER 


A study of the effects of clockwise rotation of the heart on standard leads, unipolar extremity leads 
and precordial leads in normal subjects and patients with right or left ventricular hypertrophy. 


Electrocardiographic Evaluation of Boeck’s Sarcoid and Advanced Pulmonary Tuber- 
culosis. Special Reference to Interpretation of the Multiple Unipolar Leads 
SAFETY R. First 
Left ventricular hypertrophy with typical changes in the precordial electrocardiogram may occur 
in sarcoidosis, offering a point of differentiation from tuberculosis. 


Hemiplegia Attending Acute Myocardial Infarction 
WILLIAM BENNETT BEAN, GERALD W. FLAMM AND ALBERT SAPADIN 


Hemiplegia associated with recent myocardial infarction may be due not only to embolism or 
thrombosis but to vasoparalysis consequent to reduced cardiac output. 


Review 


The Role of Allergy in the Pathogenesis of Rheumatic Fever . Epwarp E. FiscHev 


In this review the author has marshalled the evidence that rheumatic fever represents a peculiar 
host reaction or allergic response to infection with group A hemolytic streptococcus. Clinical, 
experimental and philosophic attempts to define the nature of this reaction more precisely are 
discussed critically. 


Seminars on Antibiotics 


Bacitracin. . . . . . +. +. FRANK L. MELENEY AND BALBINA A. JOHNSON 


Dr. Meleney gives an interesting and authoritative account of the development of bacitracin and 
of its present status as an antibiotic for local and systemic application. 


The Polymyxins. A Review and Assessment . . . . . . G. STANSLY 


Dr. Stansly has prepared a balanced and fair estimate of available data concerning the poly- 
myxins. They may find a place in treatment of gram-negative organisms resistant to other anti- 
biotics, particularly in local therapy. 


Contents continued on page 7 


756 


760 


765 


772 


794 


807 


in psychosomatic 
Menopausal cases 


Bel le rga gives excellent 
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MACMILLAN 


. - announces the publication of 


DISEASES the AORTA 


The inclusion of the diagnosis and treatment of all aortic diseases make 
this the first comprehensive book on this subject. There are important 
sections on new and practical advances in the consideration of con- 
genital diseases affecting the aorta, arteriosclerosis, syphilis, the use of 
antibiotics and anticoagulants, and methods of diagnosis with and with- 
out the use of x-rays. Diagnostic features of each disease are listed in 
ready reference form and are followed by a detailed discussion of treat- 
ment. Surgical as well as medical aspects of diseases of the aorta are 
included. 


BY NATHANIEL E. REICH, M.D. 
288 pp. Illus. $7.50 


the forthcoming publication of 


This is a volume of twenty-six essays written by various contributors 
representing the fields of chemotherapy, therapeutics, physiology, 
epidemiology, microbiology, anthropology, and allied sciences. It is 
the aim of the essays to cover the most outstanding developments and 
achievements in each field as well as to indicate the most likely paths 
of future progress. Each of the contributors is recognized as an authority 
in his own particular field of research. This is a book that will be of 
interest not only to the doctor but to chemists, biologists, students and 
the layman interested in medical research. 


BY DAVID R. GREEN, PH.D., AND EUGENE W. KNOX, M.D. 
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Kolmer’s 


CLINICAL DIAGNOSIS 
BY LABORATORY EXAMINATIONS 
By John A. Kolmer, M.D., F.A.C.P. 


This completely revised edition presents the interpretatiom and application in re- 
lation to diagnosis of medical laboratory tests and exarfiinations. It is based on 
our present knowledge of hematology, biochemistry, toxicology, bacteriology, 
virology, mycology, serology, endocrinology and parasitology. 


1258 Pages. 195 Clearly Detailed Illustrations Including 
20 in Color. Many Diagnostic Charts. _ ($12. 00 
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Z with Norman F. Conant, Grant Taylor, 
By W. Wallace Morrison, M.D. Joseph W. Beard, Henry I. Kohn, and 
A basic text and reference which covers the es- Mary A. Poston. 
sential anatomy, pathology, symptoms and | A complete presentation of our basic knowl- 
signs, diagnosis and differential diagnosis, | edge of bacteriology with its application to 
prognosis, medical and surgical treatment. the diagnosis and prevention of disease. 
790 Pages. 650 Illustrations. $8.50 1032 Pages. 264 Illustrations. $10.00 
Published April 1949 New 3rd Edition 
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Rodis, Sanford M. Rosenthal, W ter O. Teichmann, Frederick C. 
Schreiber, W. H. Sebrell and ’ Jonathan M. Williams 
In preparing this completely revised and reset edition the authors have retained its 
characterizing features of simplicity and conciseness with the elimination of theo- 
retical and redundant material. General practitioners and students will profit from 
the inclusion of practical sections of diseases of the skin, ear and eye in addition 
to concise sections on dietetics, chemotherapy, antibiotic therapy, symptomatic and 
supportive treatment, inhalation therapy, and electrocardiography. Numerous and 
excellent illustrations "supplement the text material. 


1469 Pages. 315 Illustrations. $12.00 
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Cole’s OPERATIVE TECHNIC In General and Specialty Surgery—$30.00 


APPLETON-CENTURY-CROFTS, INC., 35 West 32nd St., New York 1, N.Y. 


12 


| 
| 


7 


To expedite convalescence, nutritional adequacy 
is a fundamental requisite. Liver and Yeast 
therapy hastens convalescence and helps over- 
come lassitude, fatigue and malaise. It also may 


help furunculosis and inflammatory or ulcera- 
tive lesions of the mucous membrane. 


Liver and Yeast Extract Armour is an excel- 
lent nutritional adjuvant both because of its 
nutritional factors and its tonic effect and 
stimulating action on the appetite. It is absorbed 
rapidly, quite palatable, and its physiologic 
stimulating effect is noted promptly. The yeast 
is washed free from gastrointestinal irritating 
properties. The hydrolyzing and stabilizing 
processes eliminate the often objectionable liver 
odor and taste, while still preserving the primary 
and the secondary anti-anemic factors as well 
as the vitamin B complex of both liver and yeast. 


HEADQUARTERS FOR MEDICINALS OF ANIMAL ORIGIN 
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Dosage: 
Adult—2 teaspoonfuls twice daily — preferably 
in a little milk, water, or fruit juice. May be 
given in conjunction with some form of iron 
in cases of secondary anemia. 


Supplied in 8-ounce bottles. 


Have confidence in the Preparation 
you prescribe — specify “Armour” 
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Among foods that 


necessary for buoyan health. In the: 
remarkable nutritional enhancement of §@77=— 
stamina,’ growth,‘ and resistance to disesia > *Citrus fruits—among 


the richest known 
and their ready patient acceptance, citrus fruits sources of Vitamin C 


must be ranked among essential foods . . . 

whether fresh, canned, concentrated or frozen... 

in pre- or postoperative supportive therapy, during 
pregnancy and lactation, or for infants and children. 


FLORIDA CITRUS COMMISSION 
LAKELAND, FLORIDA 
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WYAMINE, either as the volatile base or the water- 
W y A Mi \ E soluble sulfate, is an effective new vasoconstrictor, pos- 
sessing several important advantages. It produces a 
Mephentermine Wyeth local vasoconstriction approximately equal to that of 
ephedrine, but its action is very rarely attended by re- 
turgescence, or by nervousness, excitability or insomnia. 


Four Convenient Dosage Forms: 


WYAMINE INHALER SOLUTION 


WY AMINE SULFATE 

CAPSULES for WYAMINE-TYROTHRICIN | 
Preparation of Nasal Use with dropper or : 


Solution SETOMIZER® 


WYETH INCORPORATED Philadelphia 3, Pa. 
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Advise the arthritic to have an appointment with himself twice daily— 


arthralgesic unguent 


to painful joint and muscle areas. Relief from musculoskeletal discomfort after a single 
application is gratifyingly rapid, in a matter of minutes, and is of long duration, extending 
up to six hours following concomitant exposure of the affected parts to moist or dry heat. 


Why does Arthralgen work so well? Its special formula advantageously blends the old and 
the new in local therapy. Rubefaction due to thymol and menthol plus analgesia due to 
methyl salicylate are synergistically combined with the unique vasodilating action of 
methacholine chloride. Arthralgen dilates both capillaries and arterioles. The resulting 
active hyperemia tends to counteract the vasospasm found in articular and non-articular 
rheumatism, relieves pain and discomfort and brings a welcome feeling of deep warmth and 
relaxation, All this is facilitated by Arthralgen's special ointment base containing selected 


the active ingredients. 
Arthralgen is beneficial in the treatment of arthralgias, myalgias and neuralgias — sprains, 
lumbago, synovitis, bursitis, neuritis and myositis. In chronic arthritis, Arthralgen is a valu- 


able topical adjunct to systemic therapy. 
Arthralgen, Arthralgesic Unguent, contains 0.25% methacholine chloride, 1% thymol, 10% 


menthol and 15% methyl salicylate; available in 1 ounce tubes and half-pound jars. 


LABORATORIES « Division Nutrition Research Laboratories » Chicago 30, Illinois 
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Pabalate Liquid 


From laboratory dream to clinical reality—that’'s the story of Robins’ new 
: anti-rheumatic Pabalate, the unique combination of para-aminobenzoic acid and sodium 


salicylate which provides higher salicylate blood levels on lower salicylate dosage. 

fs Now, further implementing the clinical value of this important new formula, Robins offers another 
c. outstanding research development: easily-administered, pleasant-tasting Pabalate Liquid! 
| With Pabalate Tablets and Liquid, the physician can now more effectively treat patients with 
= rheumatic fever or other rheumatic disease, at all age levels—from infancy to old age! 
2. FORMULA: Sodium salicylate and Para-aminobenzoic acid (as sodium salt) of each, 
St (5 gr.) 0.3 Gm. in-each 5 cc. (1 teaspoonful) of a chocolate flavored liquid, or an enteric coated tablet. 
4 INDICATIONS: Rheumatoid arthritis; acute rheumatic fever; fibrasitis; gout; osteo-arthritis. 
é DOSAGE: Average adult dose: two teaspoonfuls or two tablets, three times daily. 
= Dosage for children proportional to age and severity of condition. 


A. H. ROBINS CO., INC. RICHMOND 20, VIRGINIA 
Ethical Pharmaceuticals of Merit since 1878 


For higher salicylate blood levels 
on lower salicylate dosage — 
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SQUIBB 


HIGH BLOOD LEVELS 
All three components are 


absorbed and excreted independently. 


High blood levels can be maintained 
without kidney concretion and 
with minimal sensitivity reactions. 


WIDE ANTIBACTERIAL RANGE 
All three components 

have a wide antibacterial range 

and are highly effective 

in the treatment of pneumonia and 
other common infections. 


for safe sulfonamide therapy 


="0.5 Gm. tablets 


Bottles of 100 and 1000 


» -Suspension, 0.5 Gm. per 5 cc. 
(pleasant raspberry flavor) 
bottles 
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@LOOD SUGAR MGM PER 100 CC BLOOD 


...was developed to fill the 
“need for an insulin with 
activity intermediate between 
that of regular insulin and that 


of protamine zinc insulin.” 


IN 1939, Reiner, Searle and Lang described a new 
“intermediate acting” insulin. 


IN 1943, after succeestul clinical testing, the new sub- 
stance was released to the profession as ‘Wellcome’ 


brand Globin Insulin with Zinc ‘B. W. & Co.’ 


TODAY, according to Rohr and Colwell, “Fully 80% 
of all severe diabetics can be balanced satisfactorily” 
with Globin Insulin ‘B.W. & Co.’— or with a 2:1 mixture 
of regular insulin: protamine zinc insulin. Ready-to-use 
-Globin Insulin ‘B. W. & Co.’ provides the desired inter- 
mediate action without preliminary mixing in vial or 
syringe. 


In 10 cc. vials, U-40 and U-80. 


1. Rohr, J.H., and Colwell, A.R.: Arch. Int. 
Med. 82:54, 1948. 


2. ibid Proc. Am. Diabetes Assn. 8:37, 1948. 
*‘B.W.&CO. —a mark to remember 
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Ovaltine in Milk, sa 
3 Servings 5 
111% | 57% | 407% | dance 


Servings” 0! 
Satine an Milk 


The aim of the dietary at all 
| times and under all conditions is to provide ample 
| amounts—not just minimum amounts—of all nutrient 
: essentials. Only when the daily nutrient intake is fully 
adequate, based on the most authoritative nutritional 
criteria, can the possibility of adequate nutrition be 
assured. It is for this reason that a food supplement 
assumes great importance in daily practice. It should 
be rich in those nutrients most likely deficient in pre- 
vailing diets or in restricted diets during illness and 
convalescence. 

The multiple nutrient dietary food supplement, Ovaltine 
in milk, is especially suited for transforming even 
poor diets to full nutritional adequacy. This is clearly 
shown by the data in the table above. 

Note in particular the high percentages of the 
dietary allowances for nutrients and the relatively low 
percentage of the total calories furnished by the serv. 
ings of Ovaltine in milk. Thus, without unduly in- ~ identical in nutritjonal content. 
creasing the caloric intake, Ovaltine in milk greatly i 
increases the contribution of nutrient essentials. En- 
| * ticing flavor and easy digestibility are other important 

’ features of this dietary supplement. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 
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stable 
crystalline 


Sodium Penicillin G 


by Tongue. by Lung. by 6G. I. Tract 


By Tongue: 

Sublingual PENALEv tablets (50,000 or 
100,000 units) are rapidly absorbed, quickly 
create therapeutic penicillin blood levels. 


By Lung: 

Potent penicillin G aerosol solutions 

can be prepared readily by dissolving 
PENALEV tablets in water or normal saline. 


By G. I. Tract: 

PENALEV tablets dissolve promptly and 

completely in milk, fruit juices, or infant 

formulas, without appreciably changing their tastes. 


Penalev 


Soluble tablets sodium penicillin G: 50,000 and 
100,000 units; vials of 12 tablets crystalline. 
Sharp & Dohme, Philadelphia 1, Pa. 


Soluble Tablets Crystalline 


Sodium Penicillin G 


SHARP 
| 


“One of the most favorable aspects of this 
investigation was the demonstration of the effective- 
ness of veratrum® in the so-called “resistant” types of 
cases. Patients with high diastolic and/or wide pulse 


pressures, those with long-standing hypertension, cases 
with cardiac failure and patients who had repeated 


cerebrovascular accidents responded as well as the 
early mild cases.”! 


"research development. 


| ‘Supplied in bottles 
ef 100, 500, 1000 at 
prescription rmacies. 


1. Freis, E. D., and Stanton, J. R.: Am. 
Heart J., 36: 723-738, 1948. 
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emotional 
equilibrium 
for the 


geriatric patient 


Thousands of doctors know that BENZEBAR* allays the mental depression, apprehen- 
sion and nervousness so frequently found in the elderly patient. 

‘Benzebar’ is S.K.F.’s logical combination of Benzedrine* Sulfate and phenobar- 
bital. It provides the unique improvement of mood of ‘Benzedrine’ Sulfate and the 
calming, soothing influence of phenobarbital. These two established agents work 
together to restore the elderly person’s zest for life and living, to quiet his nervous- 
ness and, at the same time, to keep him from overdoing. 

Each ‘Benzebar’ tablet contains: “Benzedrine’ Sulfate, N.N.R. (racemic amphetamine sulfate, 
S.K.F.), 5 mg.; phenobarbital, gr. 


Smith, Kline & French Laboratories, Philadelphia 


B r | Ze 0 a l.. the depressed and nervous patient 


“Benzedrine’ and ‘Benzebar’ T.M. Reg. U.S. Pat. Off. 
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*(Methadon Hydrochloride, Lilly) 


Cough, especially when unproductive and irritating, 
interferes with rest and sleep and may be painful. 
*‘Dolophine Hydrochloride’ quiets an overactive cough reflex 
without altering respiratory rate or air volume. Compared 
with opium derivatives, it is more effective in smaller doses 
and its action lasts over a longer period of time. 

This palatable cherry-flavored syrup fully 


deserves the physician’s preference. 


ELI LILLY AND COMPANY © INDIANAPOLIS 6, INDIANA, U.S.A. 


Literature on Syrup ‘Dolophine Hydrock Mride’ is available 
from your Lilly medical service representative or will 


be forwarded upon request. 


e Narcotic order required. 
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Editorial 


Infectious Mononucleosis 


fectious mononucleosis is enjoying a 
new peak of attention. It is convenient 
to divide the history of infectious mono- 
nucleosis into four periods. The first period 
was that of clinical description which 
opened in 1885 and ended with the dis- 
covery of the blood changes in 1920. The 
second period, dominated by the hema- 
tologists, lasted from 1920 to 1932 and it 
was during this time that infectious mono- 
nucleosis emerged as a clinical entity 
through the unification of at least three 
poorly defined and independent clinical 
pictures. Pediatricians recognized glandu- 
lar fever, otolaryngorhinologists described 
monocytic angina and other forms of throat 
infection associated with changes in the 
lymphocytes, and internists knew of severe 
febrile illnesses with changes in the lym- 
phatic system and in the blood which. at 
times simulated fatal clinical pictures. 
These three disease groups were found to 
have an abnormal blood picture in common 
and studies of this culminated in the classic 
description of the hematology of infectious 
mononucleosis by Downey! in 1923. By the 
end of the hematologic period infectious 
mononucleosis had been firmly established 
as a Clinical entity. The third, or serologic 
period, started in 1932 when Paul and 
Bunnell? were surprised to find sheep cell 
1 Downey, H. Acute lymphadenosis compared with 
acute lymphatic leukemia. 1. Hematologic studies. Arch. 
Int. Med., 32: 82, 1923. 
2 Paut, J. R. and BunNELL, W. W. The presence of 
heterophile antibodies in infectious mononucleosis. Am. 
5. M. Sc., 183: 90, 1932. : 


f= the third time in this century in- 
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agglutinins in the serum of a patient with 
infectious mononucleosis. This additional 
laboratory method, available both for 
diagnosis and investigation, led to the ex- 
tensive serologic studies that characterized 
the third period. In spite of the detailed 
descriptions of the blood cell morphology 
and growing utilization of the serologic 
reactions the problems of epidemiology, 
etiology, pathology and therapy remained 
unsolved. One difficulty was a lack of ade- 
quate knowledge regarding the pathology 
of infectious mononucleosis. The fourth 
period, that of pathologic description, 
opened in 1944. Since then pathologists 
have made three major reports based upon 
excellent autopsy studies. The publications 
of Ziegler,* Allen and Kellner,* and Custer 
and Smith® are based upon a total of ten 
autopsies. We now know that infectious 
mononucleosis is a generalized disease and 
that there are infiltrations of abnormal 
lymphocytes in almost every organ of the 
body. 

The pathology of infectious mononucleo- 
sis is now clear. The basic lesion is a peri- 
vascular infiltration of both normal and 
abnormal lymphocytes which Custer and 
Smith® found in all tissues that they studied 
except the bone marrow. They believe these 
cells to be metaplastic and to be formed zn 
situ from other cells of the reticulo-endo- 

3 ZIEGLER, E. E. Infectious mononucleosis; report of a 
fatal case with autopsy. Arch. Path., 37: 196, 1944. 

4 Aven, F. H., JR. and A. Infectious mono- 
aaa it an autopsy report. Am. 7. Path., 23: 463, 1947. 


, R. P. and Smrtn, E. B. The pathology of 
Blood, 3: 830, 1948. 


; 
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thelial system. The cells are not considered 
invasive. The lesion may persist long after 
the patient is judged to be well.* This funda- 
mental and characteristic lesion is not at all 
uniform in its distribution throughout the 
body, and in any individual patient may be 
most marked in the central nervous system, 
liver or lungs. ‘The myocardial lesions which 
have been seen are rarely severe enough to 
cause more than transient electrocardio- 
graphic abnormalities; the renal infiltra- 
tions produce an interstitial nephritis but 
are not known to cause permanent disa- 
bility. Alarming symptoms occur when the 
infectious mononucleosis infiltration is pre- 
dominant in the central nervous system, and 
under these circumstances the clinical 
pictures of benign lymphocytic meningitis, 
encephalitis or the Guillain-Barré syndrome 
may be produced. Two fatal instances of the 
Guillain-Barré syndrome caused by infec- 
tious mononucleosis have been studied both 
by Custer and Smith® and by Ricker, Blum- 
berg, Peters and Widermann.®*’ When the 
infectious mononucleosis lesion is marked in 
the lungs, the clinical and x-ray pictures are 
those of primary atypical pneumonia. Both 
the clinical pictures and the pathologic 
lesions of infectious hepatitis and infectious 
mononucleosis with severe hepatitis can 
hardly be distinguished. Numerous studies 
of liver function have established that almost 
every patient who is ill enough to come to 
the attention of a physician has some degree 
of impairment of liver function.*® Watson 
and his co-workers® have just reported their 
studies upon twenty-five patients with in- 


6 Ricker, W., BrumBerc, A., Peters, C. H. and 
WiwerMaN, A. The association of the Guillain-Barré 
syndrome with infectious mononucleosis. Blood, 2: 
217, 1947. 

7 Peters, C. H., Wiperman, A., BLUMBERG, A. and 
Ricker, W. A. Neurologic manifestations of infectious 
mononucleosis, with special reference to the Guillain- 
Barré syndrome. Arch. Int. Med., 80: 366, 1947. 

§ Brown, J. W., Sims, J. LER., Wuire, E. and Cuir- 
FORD, J. E. Liver function during infectious mononucleo- 
sis. Am. J. Med., 6: 321, 1949. 

® Watson, C. J., Hawkins, V., Capps, R. B. and Rap- 
PAPORT, E. M. Studies of coproporphyrin. tv. The per 
diem excretion and isomer distribution in the urine in 
infectious hepatitis, infectious mononucleosis and 
mechanical jaundice. 7. Clin. Investigation, 28: 621, 1949. 


fectious mononucleosis and find a significant 
increase in the total urinary coproporphyrin 
excretion. The increase is usually found in 
association with other evidence of func- 
tional impairment of the liver. The splenic 
lesion is characteristic, with lymphocytic 
infiltration and thinning of the capsule and 
dissolution of the trabeculae. Smith and 
Custer’® describe this as a weakening of the 
basic structure of the spleen. The expanding 
splenic volume together with the structural 
weakness is dangerous and leads to oc- 
casional spontaneous rupture in the third 
week of the disease. 

Infectious mononucleosis is one of the 
acute reticulo-endothelioses; almost cer- 
tainly infectious in nature and, from the 
immunologic pattern, it is an infection that 
could hardly be bacterial in nature. So far, 
transmission experiments both with experi- 
mental animals and human volunteers have 
given conflicting results. The _ etiologic 
agent has not been identified. 

The serologic mechanisms associated with 
infectious mononucleosis and with the sheep 
cell agglutinins usually demonstrable at 
some stage of the disease remain obscure. 
The antibody present in the serum of pa- 
tients with infectious mononucleosis is not a 
true Forssman heterophile antibody.'! Re- 
cent work by Schwarzweiss and Tomcsik,’? 
based upon the demonstration by Stuart 
and his co-workers'*!* of a thermostable 
heterogenetic antigen in beef erythrocytes, 
has resulted in the isolation of a hetero- 
genetic “mononucleosis antigen” from the 


10 SmirH, E. B. and Custer, R. P. Ru of the 
spleen in infectious mononucleosis. Blood, 1: 317, 1946. 
Barrey, G. H. and Rarret, S. Hemolytic antibodies 
for sheep and ox erythrocytes in infectious mononucleo- 
sis. 7. Clin. Investigation, 24: 288, 1935. 

12 ScHWARZzWEIss, H. and Tomesik, J. Isolation of the 
heterogenetic ‘‘mononucleosis antigen” from the stroma 
of beef erythrocytes. Proc. Soc. Exper. Biol. & Med., 69: 


558, 1948. 


13 SruarT, C. A., Grirrin, A. M., Futton, M. and 
ANDERSON, E. G. E. The nature of the antibodies for 
sheep cells in infectious mononucleosis. Proc. Soc. Exper. 
Biol. & Med., 34: 209, 1936. ' 

14 Stuart, C. A., Grirrin, A. M., WHEELER, K.jM. 
and Batrtey, S. A thermostable antigen in beef-cells. 
Proc. Soc. Exper. Biol. @ Med., 34: 212, 1936. 
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stroma of beef erythrocytes.'® This antigen 
which is alcohol-soluble and heat-stable 
resists digestion by pepsin and inhibits the 
sheep cell agglutination by infectious mono- 
nucleosis serum in dilutions as great as 
1:2,400,000. It can be separated from the 
serum sickness antigen also present in beef 
red blood cells.’® This significant advance 
may, in time, improve our understanding 
of the Paul-Bunnell test. 

Hitherto the disease has been underesti- 
mated, both in regard to its total effect upon 
young population groups and in its poten- 
tial harm to the individual patient. Physi- 
cians who deal with military and student 
populations are well aware of the significant 
amount of lost time. Even when the disease 
is mild there are frequently prolonged 
periods of disability. The incidence seems 
to be increasing, perhaps as a result of in- 
creasing population density and of the 
population shifts of World War nu. A similar 
increase in frequency occurred in England 
and in the United States following World 
War I. - 

Serologic and hematologic surveys made 
during epidemics have indicated that there 
may well be an enormous number of sub- 
clinical infections underlying the visible 
epidemiologic pattern of infectious mono- 
nucleosis. A carrier state is not impossible. 
As with diseases known to be caused by 
viruses, it is possible that infectious mono- 
nucleosis changes its character from time to 
time. Thus in the British epidemic of 1930 
almost every patient had a skin rash but 

15 ScHwaRzweiss, H. and Tomes, J. [Uber das 
physikalisch-chemische Verhalten der Antigen in Ham- 
melblutstromata. Schweiz. Arch. f. Path. u. Bakt., 11: 446, 
gg J. and Scuwarzweuss, H. Nature of the 
heterogenetic hapten reacting with hemagglutinins in 
horse serum sickness. Proc. Soc. Exper. Biol. & Med., 69: 
562, 1948. 
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jaundice was not recorded. By 1935 to 1936 
the picture had changed in England; the 
rash was seen less frequently and jaundice 
was relatively common. The hepatic, pul- 
monary and central nervous system mani- 
festations of infectious mononucleosis, which 
are so evident at this time, may represent 
other changes in the potentialities of the 
unknown infectious agent. The evident 
danger to the community and to the indi- 
vidual makes necessary a more energetic 
attack upon the problems of etiology and 
forces us to consider the public health 
aspects more closely. 

The treatment of infectious mononucleo- 
sis remains symptomatic and unsatisfactory. 
Bower!” 18 has had excellent therapeutic 
response in patients who were given gamma 
globlin. Evans'® has recently reported a 
two-fold increase in the beta and gamma 
globulin of the blood in patients convales- 
cent from infectious mononucleosis. Both of 
these observations will undoubtedly receive 
considerable further study. Patients should 
have some type of dietary management for 
their ever present hepatitis. When the 
disease has been marked by jaundice, it is 
probable that physical activity should be 
controlled during convalescence as it is with 
infectious hepatitis. 

Infectious mononucleosis is no longer 
properly regarded as a diagnostic curiosity 
or as a benign and unimportant disorder. 
The disease always impairs vital organs, 
frequently incapacitates and occasionally 
kills. 

GeorGcE H. Houck, M.D. 


17 Bower, A. G. Infectious mononucleosis. Arizona 
Med., 6: 17, 1949. 

18 Bower, A. G., AFFELDT, J. E. and West, H. The 
treatment of the anginose type of infectious mono- 
nucleosis with gamma globulin. 7. Pediat., 35: 58, 1949. 

19 Evans, A. S. Liver involvement in infectious mono- 
nucleosis. 7. Clin. Investigation, 27: 106, 1948. 
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HE reports of other investigators’? 
indicate that radioactive iodine 
can be used effectively in the treat- 
ment of thyrotoxicosis. In most of the early 
studies radioiodine with a half-life of twelve 
hours (118°) was used but with the availa- 


TABLE I 
TYPE OF 111 PATIENTS TREATED 


No. of 

Disease Patients 
Non-toxic nodular goiter................... 3 
Malignant adenoma....................... 2 


bility at low cost of isotope with a half-life 
of eight days (I!*!) from Oak Ridge, ‘Ten- 
nessee, the use of the latter has become more 
practical. We have treated 111 patients with 
radioiodine, chiefly I'*!, and are reporting 
our results in this paper. Many factors con- 
cerned in the effectiveness of radioiodo- 
therapeusis and the selection of optimal 
doses are discussed in the succeeding paper.’ 


TYPES OF PATIENTS TREATED 


With the exception of one subject with a 
thymergastic reaction all of the thyrotoxic 
individuals who sought treatment during 
the period from December, 1946, to Decem- 
ber, 1947, were treated with radioiodine. 
As shown in Table 1 there were 106 of these. 
Three received I'*° and 103 received I}*}, 
In six of the 103 patients treatment was 
begun only in the last three months so they 
are omitted from discussion. Five patients 


Boston, Massachusetts 


had no evidence of thyrotoxicosis at the 
time of radioiodotherapeusis; three had non- 
toxic nodular goiter and two had malignant 
adenoma. 

Of the ninety-seven patients who received 
[!31, ninety-three (Table m1) had previously 


TABLE 
PREVIOUS TREATMENT OF NINETY-SEVEN PATIENTS 

No. 

Subtotal thyroidectomy....................... 21 
Thiouracil* 93 


* The term “thiouracil”’ is used to include not only 
the parent compound but also its derivatives. With few 
exceptions, however, it refers to 2-thiouracil and 6 n- 
propylthiouracil. 


been treated with one of the thiouracils; 
fifty-six of these had received such therapy 
for four months or longer. However, radio- 
iodine was never given immediately after a 
long course of one of the thiouracils. Some 
of the patients had had serious toxic reac- 
tions to thiouracils and a few had had unto- 
ward reactions to iodide. ‘Twenty-one had 
undergone one or more subtotal thyroid- 
ectomies;{ further operative care would 
have been difficult in a few individuals. 

Of the seventy-six individuals not previ- 

} In the presentation of data we have considered in a 
separate class patients who had been previously thy- 
roidectomized because of greater difficulties in evaluat- 


ing the characteristics of the thyroid glands and because 
of a possible difference in their response. 


* From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), Boston City 
Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass., and from the Department of 
Medicine, University of Washington, Seattle, Wash. 

ft Research Fellow aided by the Commonwealth Fund. 
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ously operated upon twenty-two had a 
nodular goiter* and fifty-four had diffuse 


hyperplasia of the thyroid. There. were 


essentially the same number of cases with 
mild, moderate and severe disease. (Table 
m1.) The ages of the patients (Table rv) 


TABLE 1 
SEVERITY OF THYROTOXICOSIS 
No. 


ranged from fifteen to seventy years. There 
were twice as many females as males. 

At the time radioiodine was _ given 
several of the patients had congestive heart 
failure, one was suffering from acute 
glomerular nephritis and another had 
chronic pyelonephritis. Three individuals 
had had acute hepatitis within a few 
months prior to therapy. One patient 
received a single dose of I'*! during the 
first two months of her pregnancy. 


PLAN OF THERAPY 


Before each patient was given radioiodine 
the degree of thyrotoxicity was evaluated 
clinically and by means of determinations 
of the basal metabolic rate. Special atten- 
tion was given to the type and duration of 
previous therapy and to the size,f con- 
figuration and consistency of the thyroid. 
The characteristics of the gland together 
with the clinical status of the patient proved 
ultimately to be the most useful criteria in 
selecting the initial dose of radioiodine and 
in establishing the need for subsequent 
administration of isotope. 

All I'3! was obtained from Oak Ridge 
and the radioactivity of the isotope at the 
time of its administration was based upon 
the standards of the laboratories{ which 


* We apply the term “nodular goiter’ only when we 
are of the impression that circumscribed nodules are 


t. 

t Upon each visit of the patient specific estimation 
was made of the size of the gland. It is believed that 
satisfactory evaluations can be made in most of the 
patients when the gland is less than approximately 
70 Gm. (see Appendix). 

_ {The Clinton Laboratories of the Monsanto Chemical 
Co., Oak Ridge, Tenn. 
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793 
provided the isotope. Prior to its ingestion 
by the patient the stock solution was diluted 
with distilled water so that 10 ml. contained 
1 mc.* In the majority of patients 0.3 to 
0.5 mg. of potassium iodide was employed 
as a carrier. On eleven occasions 50 mg. of 


TABLE IV 
AGE AND SEX DISTRIBUTION OF NINETY-SEVEN 
PATIENTS 
Decade No. of Patients 
19 


this compound were given; fifteen patients 
received 2 Gm. of sodium bromide with 
the 

Of course, the selection of dosage was the 
greatest problem; many aspects of this are 
presented in the succeeding paper.® Initially 
we attempted to ascertain how much of the 
radioiodine was stored in the thyroid gland 
following tracer (100 pwc) or therapeutic 
doses. Among the methods used were epi- 
thyroid counts; early, medium and late 
changes in the total and protein-bound 
radioiodine concentration of the serum; 
urine excretion studies and combinations 
of these. However, we soon found, as pre- 
sented in the next paper,’ that none of these 
methods was a very accurate indicator of 
the dosage that would be required ulti- 
mately. Early we adopted the policy, which 
was explained to each patient, that it was 
much easier to give one or more additional 
doses than to treat a myxedematous state 
that might result from larger doses. ‘There- 
fore, we attempted to give the very minimal 


* Upon arrival of a consignment of 1'*!, usually 75 to 
100 mc., it was moved promptly to a special laboratory 
where the dilution was accomplished with minimal 
exposure. The stock solution was kept in an enclosure 
of two-inch lead bricks. Essentially all of the isotope was 
dispensed on the day of its arrival and the return of the 
patients to widely separated communities lessened the 


concentration of radioactive material in a confined 


region. Dental roentgen-film badges were worn by all 
personnel who worked with the stock solution. Random 
monitory counts throughout the laboratory showed 
minimal contamination. 


. 
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TABLE v 
ADJUNCTIVE THERAPY 


quantity which we decided might be neces- 
sary. In most patients the initial dose was 


No. of Patients from 3 to 7 mc. ; : ii 
In our initial experiences with radioiodo- 

No. of 
eat Tose. therapeusis it was found that three patients 
who were treated with nothing but radio- 
| ment iodine experienced an exacerbation in 
thyrotoxicity of the nature of a thyroid 
storm. This was prevented in subsequent 

from 200 to 300 mg. daily, for a few weeks 
before the radioiodine, discontinuing its 


* This therapy was given for a few weeks preceding 
the radioiodotherapeusis, usually being discontinued 
three or four days before the latter. It is not to be con- 
fused with the thiouracil therapy given for four months 
or longer to fifty-six patients. The latter was discontinued 
at least one month before the isotope treatment. 


use approximately four days before the 
latter. In many cases additional aid was 
afforded by the administration of potassium 
iodide, 3 drops twice daily for five days, 
beginning the day after the radioiodine. 


In Table v is presented the number of times 


TABLE VI 
EFFECT OF DURATION OF PREVIOUS TREATMENT WITH THIOURACILS UPON DOSAGE OF RADIOIODINE 
REQUIRED TO PRODUCE REMISSION WITHIN SIX MONTHS IN PATIENTS WITH DIFFUSELY HYPERPLASTIC 
GOITERS 
(NONE HAD BEEN OPERATED UPON) 


Thiouracils (months administered) 0 0-4 4-8 8-16 16-24 
R 6-11.3 4.5-16 5-12 3.5-16.5 2-11 
Total mc. M 8.4 9.1 8.4 7.1 6.4 
SD 2.6 4.2 2.1 3.5 3.9 
R 1-3 1—4 1-3 1-4 1-2 
Number of doses M 1.7 2.3 1.7 1.7 1.5 
SD 1.0 0.9 0.7 0.3 0.2 
puc/Gm. thyroid R | 150-177 | 112-400 | 155-300 | 133-366 66-275 
M | 164 251 233 221 174 
SD 13.5 93.5 57.2 81.4 91.2 
R 75-88 56-100 50-150 | 45-125 33-71 
uc. /Gm. thyroid /month * M 82 82 86 76 56 
SD 6.6 13.2 34.5 22.2 17.7 
R | 150-177 | 182-266 | 120-280 | 100-200 120-170 
uc./Gm. combined weights of thyroid * M | 164 210 172 149 145 
SD 13.5 29.0 64.8 43.3 35.4 
R 1-2 2-6 1-3 1-4 1-5 
Months before remission M 1.7 3.3 2.3 2.3 2.2 
SD 0.6 1.0 0.9 1.5 1.9 
No. of Patients 3 12 8 15 4 
R = range 
M = median 


SD = standard deviation 
* For a discussion of these calculations, see footnote in text. In calculating wc./Gm. thyroid/month omty: the 
quantity of isotope used per month in the first six months was included. 
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that propylthiouracil and potassium iodide 
were used in conjunction with the radio- 
iodine therapy. 

Six patients were hospitalized at the time 
radioiodine was given; the remainder were 
followed quite satisfactorily through their 
periodic visits to the laboratory. Ordinarily 
patients were seen during the first week 


TABLE vu 
COMPARISON OF DOSAGES OF RADIOIODINE USED TO PRODUCE 
REMISSION IN SIX MONTHS IN PATIENTS PREVIOUSLY TREATED 
WITH THIOURACILS FOR LESS THAN FOUR MONTHS* 
WITH THOSE REQUIRED FOR PATIENTS WHO HAD 
NODULAR GOITER OR WHO HAD PREVIOUSLY 
HAD THYROIDECTOMY 


Thy- 
roidec- | Nodu- 
Group a tomy lar 
er | Previ- | Goiter 
ously 
4.5-16) 4-11 4—36 
Total dose mc. M| 9.1 
SD| 4.21 2.38 | 11.3 
R{| 1-4 1-2 2-5 
Number doses M| 2.3 1.5 2.4 
SD| 0.9 0.17} 1.5 
R {112-400 |133-—296|160—319 
uc./Gm. thyroid M /251 197 216 
SD | 93.5 58.9 | 59.9 
uc./Gm. thyroid / R | 56-100 | 34-125} 40-100 
month f M | 82 . 73 66 
SD | 13.2 34.3 | 18.8 
uc. /Gm. combined R |166-—230 | 88-153) 89-131 
weights of thyroidft | M 110 
SD | 29 29.4 | 15.4 
Months before R/| 2-6 1-4 1-5 
remission M} 3.3 2.0 3.3 
SD; 0.96 1.17 | 1.6 
No. of patients 12 8 13 
R = range 
M = median 


SD = standard deviation 
* Only those patients treated with thiouracil for less 
than four months are included in this analysis; treatment 
for longer intervals is more likely to influence the results. 


t For a discussion of these calculations, see footnote in _ 


text. 


after receiving the isotope and then at 


intervals of two weeks throughout the first 
two and a half. months. Up to the sixth 
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month the patients were seen once a month 
and at bimonthly intervals thereafter. It 


was necessary to follow some patients much 
more closely than this. 


RESULTS OF THERAPY 


Ninety-two of ninety-seven thyrotoxic 
patients treated with I'*! experienced a 


TABLE vim 
DURATION OF SUSTAINED REMISSIONS 
Diffuse Thyroid- Nodular 
Months Hyperplasia ectomy Goiter 

1-4 7 4 

4-7 6 2 1 

7-10 24 7 10 
10-13 14 9 3 
13-16 3 2 


sustained remission* of thyrotoxicosis; mild 
hyperthyroidism persisted in five; persistent 
myxedema developed in three. 

I. Sustained Remissions. 1. Interval Preced- 
ing Onset; Duration: In eighty-three subjects 
(86 per cent) remissions with sustained 
euthyroidism were observed within six 
months following initial therapy with radio- 
iodine. Six patients who exhibited evidences 
of thyrotoxicosis six months after their 
initial treatment subsequently became eu- 
thyroid. The duration of previous thiouracil 
therapy had no significant effect upon the 
promptness of those responses which occur- 
red within the six-month period in patients 


with diffuse hyperplastic goiters. (Table vt.) 


The median values of the duration of the 
intervals between the initial I'*! treatment 
and the establishment of remissions in pa- 
tients treated with thiouracil for less than 
four months were as follows: 3.3 months in 
patients with diffusely hyperplastic goiters; 
and 2.0 months in patients who had previ- 
ously undergone thyroidectomy. (Table 
vu.) Although the response to radioiodine 
was somewhat more prompt in the last 
group, the differences are not statistically 
significant. ‘The duration of remissions thus 

* “Sustained remission” is applied to patients who 


have become euthyroid and have remained so for more 
than one month. 


4 
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far is shown in Table vm. The degree of 
permanency of the remissions must await 
more prolonged observations. One of the 
five patients who did not have a remission 
disappeared from observation after only one 
dose had been given. Some additional data 


TABLE Ix 
TOTAL NUMBER OF DOSES OF RADIOIODINE 
No. of Patients No. of Patients 
No. Doses with Sustained | without Sustained 
Remission Remission 
1 32 1 
2 28 
3 21 1 
4 7 
5 3 1 
6 2 
7 1 


Fic. 1. None of the patients included in this plot had 
received radioiodine previously. Each individual ex- 


perienced a remission following one dose of the isotope 
which has been maintained subsequently; none de- 


veloped myxedema. : 
.In the case are given in Figure 6 of the suc- 
ceeding paper.* The thyroid glands of each 
- of the other four have decreased to a normal 
' or subnormal size and it is believed that 
none will require more than a small amount 
of additional therapy, if any. 
2. Dosage of Radioiodine: A total of 222 
doses was given to ninety-seven patients, an 
average of 2.2 doses per subject. (Table 1x.) 
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In thirty-two individuals only one dose, 2 
to 8 mc. was required to produce a sus- 


tained remission, the average being 5.3 mc. 


The decrease in the basal metabolic rate 
in a representative group of these patients 
is shown in Figure 1. Some individuals re- 


TABLE X 
TOTAL DOSAGE OF RADIOIODINE ADMINISTERED BEFORE 
SUSTAINED REMISSION OCCURRED 


) No. of Patients with Sustained Remission 
Total 
Dosage 
mc. Within Six After Six N 
Months Months 
2 1 
3 2 
4 11 1 
5 9 
6 10 
7 9 1 
8 5 
9 6 
10 5 1 
11 6 
12 3 1 
13 4 
14 2 2 
15 2 1 
16 2 
18 148 1 1 
20 1 1 
21 1 1 
25 2 1 
27 ay 1 
30 1 
36 2 


quired several doses before a remission was 
produced. (Fig. 2.) 

As shown in Table vi and discussed in 
the following paper,* the duration of previ- 
ous therapy with thiouracil did not exert a 
statistically significant effect on the quantity 
of radioiodine required; however, experi- 
ences with individual patients make us 
entertain the possibility. This group of 
patients was given an average of approxi- 
mately 8 mc. divided into two doses. 
Patients who had been previously thy- 


- roidectomized also required approximately 
8 mc. 


The largest doses were given to the 
twenty-two subjects with toxic nodular 
goiters; each individual received an average 
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of about 14 mc. Each of two such patients = 
was given a total of 36 mc. divided in the +60 - 
manner indicated in Figure 3. Doses equal 
to twice the amount needed to produce ‘ 
myxedema in some patients with diffuse 
toxic goiter were tolerated with relative 
impunity in certain subjects with toxic 
nodular goiter. Some of the patients were 
much more refractory than others (Table x) 
irrespective of whether the gland was nodu- 
lar; fourteen required more than three 
doses and one required seven. As discussed 
in the next paper, many factors are con- 
cerned in determining the dosage of radio- 
iodine required. Two important factors are 
the characteristics of the thyroid gland and -20f 
the interval between treatments.* These 

factors are partially considered in Tables v1 


Fic. 2. The small numerals indicate the number of 


and vil. Approximately 225 MC. of radio- millicuries of radioiodine administered. Note that the 
iodine per Gm. of thyroid weight was decrease in basal metabolic rate was fairly precipitous 
required to produce remission. When calcu- —-°"e 48_ adequate dose had been given. 


lated in the manner described in the foot- 


RESPONSE OF LARGE NODULAR GOITERS TO 


Fic. 3. Note that a large amount of radioiodine was required before these patients with large nodular 
goiter experienced a remission of their thyrotoxicity. In each case the size of the goiter decreased to 
some extent and thereafter showed little change in spite of the large doses of radioiodine. It may be 


observed that patient Big. received 18 mc. after reaching a state of euthyroidism, without significant 
effect upon the metabolic rate. 
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note* around 75 ywc./Gm. thyroid /month 
was used. The patients with diffuse goiter 
required more pwc. /Gm. of combined weights 
of thyroid (Tables v1 and vm) than did 
those with nodular goiter and the patients 
who had been thyroidectomized previously. 


TRANSENT REMISSIONS 


omer! 


Months 4 


in Figures 4 and 5. It can be observed in 
one instance (Fig. 5) that there was a transi- 
ent remission after 10 mc. were administered 
but 17 mc. given in the next seven months 
failed to produce another remission. On 
the other hand, one patient (Fig. 4) experi- 


REBOUND iN RESPONSE TO [° 


5 Months 


Fic. 4. Note the marked decrease in the size of the goiters. With the relapses in thyrotoxicity only slight increases 
in thyroid size occurred. Note that the second and third remissions occurred with successively smaller doses; this, 


however, has not been true in certain other cases. 


Fic. 5. In the two top charts the subnormal response in metabolic rate in eight patients is shown. The maximal 
decrease occurred between two and four months after radioiodotherapy; within approximately six months the 
range had become normal. None of these patients has developed thyrotoxicosis subsequently. The lower graph 
demonstrates how the metabolic rate may be temporarily normal but increase thereafter to a degree sufficient to 


require more therapy. 


II. Complete Transient Remissions and Transi- 
ent Hypothyroidism. Some of the patients 
developed complete remissions that were 
only of short duration as exemplified by the 
response in the basal metabolic rate, shown 


* The following example is given as an indication for 
considering the amount of treatment given per month. 
A patient with a gland weighing 50 Gm. might experi- 
ence a remission if 8 mc. were given as an initial dose, 
whereas thyrotoxicity would be likely to persist if 4 mc. 
were given initially and 4 mc. two months later. Thus 
the time factor must be considered. Since it takes about 
two months or longer for the maximal clinical effect 
to be exerted, we have empirically used this interval 
for convenience as the average interval needed for 
evaluating the action of each dose. Most of the injurious 
effect of the isotope would occur in the first four weeks. 
However, additional time is required for the inactivation 
of hormone that had been manufactured previously. 

The patient, mentioned above, who was given 8 mc. 


enced his first remission after 11 mc., the 
second after 5 mc. and the third after 2 mc. 
A third subject (Fig. 4) experienced no 
response after 5 mc. but a short remission 
was induced after an additional 4 mc. 


in one dose received 80 yuc./Gm./mo.; if given 4 mc. in 
each of two doses he would have received 40 yc./Gm./ 
mo. Since this calculation fails to take into consideration 
the amount of decrease in the size of the gland which 
occurred between the first and second treatments, 
another calculation was made, yc. I*/Gm. ‘‘combined’’ 
thyroid weight. Applying this calculation to the above 
example, the two doses would be added together and 
the initial thyroid weight would be added to the weight 
estimated immediately preceding the second dose. If the 
latter was 30 Gm., by dividing the sum of the millicuries 
by the sum of thyroid weights, the average yc. I*/Gm. 
combined thyroid weight (or average thyroid weight) 
is obtained. In addition to the foregoing calculations 
the uc. I1*/Gm. of thyroid was determined for each dose. 
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Following 5 mc. the patient developed a 
complete remission which has persisted for 
eight months. 

As a consequence of treatment with I'*! 
one patient developed transient hypothy- 
roidism which, however, was of such long 
duration as to merit further discussion: 


This patient (Zac.) first began treatment of 
moderately severe thyrotoxicosis in 1944 at the 
age of twenty-seven. She took thiouracil con- 
tinuously for nine months but promptly relapsed 
after cessation of therapy. Thiouracil therapy 
was again instituted for a period of ten months 
and again there was a reappearance of thyro- 
toxicosis after the drug was withdrawn and the 
BMR rose to plus 20 per cent. The estimated 
weight of the thyroid at this time was approxi- 
mately 25 Gm. The patient was given 4 mc. of 
I131 under these circumstances; two months 
thereafter the BMR was minus 13 and one 
month later was minus 29. The patient took 
desiccated thyroid intermittently throughout 
the next eight months. She has now received no 
thyroid medication for four months, is clinically 
in a euthyroid state and the metabolic rate is 
minus 9 per cent. She is in the third month of 


pregnancy. 


There were fifteen other patients who 
developed significant temporary hypothy- 
roidism which lasted for one to six months. 
Five of them were given desiccated thyroid 
for intervals of two to eight weeks but it has 
not been necessary for any of them to take 
this therapy for the last three months, with 
the exception of one patient with severe 
acute pituitarigenic ophthalmopathy. The 
latter patient did not have evidence of 
myxedema while not receiving thyroid for 
six weeks. 

III. Complications of Therapy. 1. Persist- 
ent Myxedema: Only three patients developed 
lasting myxedema subsequent to the ad- 
ministration of I'*'. As this constituted 
the only significant complication of such 
therapy, the pertinent points in each case 
are given in some detail: 


Patient Sa.: When first seen in 1943 this man, 
aged fifty-two, had severe thyrotoxicosis with a 
goiter estimated as weighing 60 Gm. He was 
treated continuously with thiouracil for nine- 
teen months and after the first month remained 
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in remission throughout this period. However, 
by the sixteenth month of therapy the goiter had 
increased to 130 Gm.; during an interval of 
three months, 2,000 roentgen units were given 
over each lobe of the thyroid and the gland 
decreased to about 90 Gm. Thereafter he 
received several courses of therapy in the follow- 
ing order: methylthiouracil, potassium iodide, 
butylthiouracil propylthiouracil. Therapy 
was interrupted after each course and thyro- 
toxicosis reappeared within a few weeks. Thirty 
months after the completion of roentgen therapy 
the thyroid had decreased to a weight of about 


35 Gm., but three months after the cessation of 


all antithyroid therapy the metabolic rate was 
plus 43 per cent. At this time he was given 5 mc. 
of I'%! with 0.3 mg. of potassium iodide and no 
other therapy. ‘T'wo months later the BMR was 
minus 10 per cent; a month thereafter, minus 
3 per cent and six months after receiving I1*! it 
had fallen to minus 44 per cent. At this time no 
thyroid tissue was palpable and the patient 
presented a clinical picture typical of myxedema. 
During. the past six months he has required 
continuous therapy with desiccated thyroid. 

Patient Buc.: A female patient, aged twenty- 
seven, was found to have thyrotoxicosis in 1934 
and therapy with thiouracil was instituted and 
continued for a period of eighteen months; dur- 
ing the last seventeen months of this period she 
was free of thyrotoxicosis. However, two months 
after the cessation of therapy thyrotoxicosis 
recurred. Thiouracil treatment was resumed for 
a period of three months and subtotal thyroid- 
ectomy was performed. Eleven months later 
there was a return of symptoms of hyperthyroid- 
ism and the basal metabolic rate was found to 
be plus 19 per cent. At this time she was given 
5 mc. of radioactive iodine. Within six weeks the 
goiter and evidences of thyrotoxicosis disap- 
peared and the basal metabolic rate was minus 
14 per cent; within four months the patient 
became typically myxedematous and the metab- 
olic rate had fallen to minus 35 per cent. 
Replacement therapy with desiccated thyroid 
was begun and has been continued to date, a 
period of about six months. 

Patient Cl.: A housewife, aged thirty-four, 
had had a subtotal thyroidectomy in 1934 at the 
age of thirty-one. In 1944 thyrotoxicosis reap- 
peared and she was treated with thiouracil for a 
period of nine months but a relapse followed | 
cessation of therapy. Potassium iodide was then 
given for a period of six months but failed to 
control her disease and was supplanted by 
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propylthiouracil for a period of fourteen months. 
Withdrawal of the latter therapy was followed 
by a recrudescence of thyrotoxicosis and the 
basal metabolic rate rose to plus 23 per cent, 
although the estimated weight of the thyroid 
was only 15 Gm. At this time the patient re- 


Months 
Fic. 6. Note the increase in the metabolic rate and 
gland size following radioiodine. The decrease in gland 
size preceded the decrease in metabolic rate. This 
patient received no specific therapy before or after the 
radioiodine. 


ceived 4 mc. of I'*!. Seven weeks thereafter the 
pulse rate was 120 per minute, there was a 
moderate amount of sweating and tremor and 
the metabolic rate was plus 19 per cent; an 
additional 3 mc. of radioiodine were given at 
this time. Two months after the second dose of 
I'3! overt myxedema was apparent and the basal 
metabolic rate was minus 27 per cent. To date 
the patient has been maintained on desiccated 
thyroid for a period of eight months. 


The complications in the foregoing three 
patients were encountered relatively early 
in this study and occurred among patients 
who had previously been subjected to pro- 
longed antithyroid therapy, thyroidectomy 
or roentgen therapy or a combination 
thereof. Under these circumstances it is 
frequently difficult to ascertain the requisite 
dose of isotope and subsequent experience 
suggests the use of relatively small doses in 
the treatment of patients who have had 
prolonged antithyroid therapy or in whom 
only a slight regrowth of tissue has occurred 
after thyroidectomy. Therefore, in the treat- 
ment of patients similar to Sa. and Buc., an 
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initial dose of 3 to 4 mc. is now preferred 
over the 5 mc. whick both individuals re- 
ceived. However, it must be emphasized 
that other patients with very similar clinical 
courses received as much or more therapy 
without the development of persistent myxe- 
dema. It appears quite likely that Cl. 
received the second dose of I'!*! prematurely; 
an interval of at least ten weeks after the 
initial dose would have afforded a greater 
margin of safety. 

It is noteworthy that eight of the patients 
who developed transient hypothyroidism 
and two of those who developed myxedema 
had previously experienced subtotal thy- 
roidectomy for the removal of a diffusely 
hyperplastic thyroid. On the other hand, 
no patient with a nodular goiter developed 
transient hypothyroidism or myxedema. 

2. Immediate Undesirable Effects: During 
the first five days after the administration 
of I'*! an occasional patient complained of 
mild headache, anorexia, nausea and ma- 
laise. These symptoms apparently did not 
depend upon the effects of radioiodine upon 
the thyroid. Among the patients whose 
thyrotoxicosis was associated with con- 
gestive heart failure, acute glomerular 
nephritis or chronic pyelonephritis there 
were no ill effects related to the complicat- 
ing disease. The three patients who had had 
severe hepatitis apparently suffered no 
deleterious effects from I'!*! and the woman 
who received radioiodine during the first 
two months of pregnancy gave birth to a 
normal baby. 

Three patients developed a very distinct, 
and several others a milder, exacerbation 
in the severity of thyrotoxicosis within the 
first week after the administration of I'*'. 
The more severe reaction may be illustrated 
by the following case: 


A Chinese girl, aged twenty-three, had moder- 
ately severe thyrotoxicosis and the diffusely en- 
larged thyroid weighed approximately 65 Gm. 
The basal metabolic rate was plus 48 per cent 
and, without antecedent therapy, she was given 
6 mc. of I'#!, On the third day she complained 
of pain and increased fullness in the region of the 
thyroid; by the sixth day, a marked increase in 
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Fic. 7. Note the marked decrease in the fullness of the neck. Only 4.5 mc. were required to produce 


a remission of thyrotoxicity and to reduce the thyroid to a size estimated as 10 gm.; it had been 50 gm. 
Overcompensated hyperphagia accounted for the slight obesity observed in the photograph on the 


left. 


restlessness, tremor, sweating and tachycardia 
was noted. At this time it was quite obvious that 
there had been a distinct increase in the size of 
the thyroid and the basal metabolic rate was 
found to be plus 70 per cent. (Fig. 6.) At no time 
had there been clinical or bacteriologic evidence 
of acute infection. Following this acute exacerba- 
tion there was rapid improvement and decrease 
in the size of the thyroid; three weeks after the 
administration of the initial dose of I'*! the 
weight of the thyroid was approximately 40 Gm. 
Subsequently three and two millicurie doses of 
I'3! were given; the thyroid ultimately returned 
to normal size and the patient has remained free 
of thyrotoxicosis for a period of eleven months. 


IV. Changes in the Thyrotd Gland. 1. Dif- 
fuse Thyroid Hyperplasia: Except for the 
single patient who disappeared from ob- 
servation, the thyroid decreased to an esti- 
mated weight of 25 Gm. or less in all 
individuals with diffuse goiter who received 
[131 (Table x1.) The goiter usually regressed 
more rapidly than did clinical evidences of 
thyrotoxicosis which often persisted for a 
considerable time after the thyroid had 
assumed normal physical characteristics. 
Figure 7 illustrates the effects of I'*? in 
decreasing the size of exophthalmic goiter 
in one individual; the most marked regres- 
sion was noted in one patient whose esti- 
mated thyroid weight decreased from 120 
to 20 Gm. 
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TABLE XI 
SIZE OF THYROID GLAND BEFORE AND AFTER 
RADIOIODOTHERAPEUSIS 
Diffuse Thyroid- Nodular 
Hyperplasia| ectomy Goiter 
‘Grams 
Be- Be- Be- 
fore After fore After fore After 
20 Be 26 1 11 oi 3 
20-30 9 27 9 10 2 
30-40 21 Pa 7 3 4 
40-50 15 2 5 2 
50-60 4 1 4 
60-70 3 1 2 1 
70-80 2 2 1 
80-100 1 4 
100 or more 4 


These anatomic and metabolic effects of 
radioiodine are apparently produced by 
destruction of large masses of cells by 
radioiodine. During this study no attempt 
was made to investigate the morphologic 
changes in the thyroid immediately after 
the administration of I'*4. However, it was 
possible to obtain sections of the thyroid in 
two patients who were euthyroid as a result 
of such therapy. Figure 8 shows the thyroid 
morphology two months after the adminis- 
tration of a single dose of 8 mc. of I'*?. 
Figure 9 illustrates the changes in the gland 


{ 
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Fic. 8. a and B, Section of thyroid from a patient (Si.) who had had severe thyrotoxicosis. 
Before any radioiodine was given the gland was estimated as weighing 45 gm. and the 
basal metabolism rate was plus 70 per cent. Two months following the administration of 
8 mc. of radioiodine clinical evidence of thyrotoxicity disappeared, the metabolic rate 
became normal and the gland decreased to 20 gm. At this time and without further 
preparation the anterior half of the lateral lobes of the thyroid gland and all of the isth- 
mus were extirpated; the tissue removed weighed 12 gm. The patient has remained 
euthyroid for the subsequent six months. Note that only a relatively small amount of scar 
tissue is present and that all of the acinar cells appear active. The magnification in a is 
400 X; in B 800 X. 

Fic. 9. a and B, Naz. had severe thyrotoxicosis and 60 gm. of thyroid tissue. Several de- 
terminations showed the basal metabolic rate to be approximately plus 100 per cent. She 
was given 18 mc. of radioiodine in three doses within seven months. A state of euthyroid- 
ism was obtained within three months following the last treatment. The thyroid gland 
decreased to an estimated weight of 15 gm. At operation what appeared to be approxi- 
mately one-half of the gland was removed; the tissue weighed 6 gm. Thus the gland had 
decreased to 25 per cent of its original size. The fibrous tissue, indicated by the black 
bands, encircles nests of hyperplastic acinar cells. Presumably large sheets of cells were 
destroyed in certain areas whereas the cells that remained viable continued to be active. 
The magnification in A was 100 X and in B 800 X. 
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Fic. 10. Ber. was a female clerk, aged fifty-one, w 
years. For several months she had had severe compression of the trachea associated with suffocating 
spells. Subtotal thyroidectomy was recommended but refused by the patient. After treatment with 
propylthiouracil for several weeks radioiodotherapeusis was given. (Fig. 3.) Following administration 
of 26 mc. of radioiodine a complete remission of thyrotoxicosis occurred and the pressure symptoms 
disappeared. The thyroid gland was estimated to weigh 140 gm. before therapy and 70 gm. there- 
after; the measurements decreased from 7 by 6.5 cm. to 5 by 4.5 cm.’The changes in the general 
appearance of the neck are shown in this illustration. An additional 10 mc. of radioiodine did not 
have very much effect on the basal metabolic rate nor the size of the goiter. 


which were found after three doses of 
radioiodine; tissue was removed ten months 
after the initial therapy or three months 
subsequent to the third and last dose of I'*!. 
A comparison of Figure 8 with Figure 9 
reveals the greater degree of interstitial 
fibrosis in the latter. It is probable that the 
differences are related to the larger dose of 
[!3! therapy in the latter. It is quite appar- 
ent that at this stage the evidence for loss 
of functioning thyroid cells is largely in- 
ferential; the cells which remain reveal no 
detectable abnormality under the micro- 
scope. It should be noted that partial 
thyroidectomy after I'*! therapy offered no 
particular technical difficulty although a 
few adhesions were encountered between 
the thyroid and the adjacent tissues. 

2. Toxic Nodular Gotter: Judging from the 
anatomic characteristics of such goiters it 
is not surprising that I'*! frequently failed 
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o had been known to have a goiter for twenty-two 


to bring about a reduction of the gland to 
normal size. Remaining relatively unaf- 
fected was that portion of the goiter made 
up of scar tissue and large colloid follicles 
or cysts. Although the hyperfunctioning 
adenomatous tissue might be markedly 
reduced, the remaining inert constituents 
persisted with little or no regression even 
though a euthyroid state had been achieved 
by radioactive iodine. 

Figure 10 shows the changes which were 
produced in such a goiter by the repeated 
administration of I'*! for a total dose of 
36 mc. The thyroid, although still large, 
was reduced from circa 140 to 70 Gm. and 
symptoms of tracheal compression disap- 
peared. Radioiodine was utilized only as a 
last resort in the treatment of this individual 
who steadfastly refused operation. It should 
be emphasized that the cosmetic results of 
[131 therapy are much less satisfactory for 
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toxic nodular than for diffusely hyperplastic 
goiters. 

V. Treatment of Thyrotoxicosis with 
Only three patients were treated with 
radioiodine bearing a half-life of twelve 
hours (I1%°). In each of these individuals 
the results were excellent as indicated by 
the following abstracts: 


Wi., aged fifty-one, a female patient with © 


thyrotoxicosis of moderate severity, after having 
failed to maintain a remission upon cessation of 
thiouracil therapy at the end of one year was 
given 30 mc. of radioiodine. Within three months 
her thyroid gland decreased from 50 to 20 Gm. 
and the thyrotoxicity disappeared. She has 
maintained a remission for two years. 

Fe., a tailor, aged seventy-two, with severe 
thyrotoxicosis, after having responded with toxic 
reactions to orthophenylene thiourea and thio- 
barbital (?) and after insufficient improvement 
with propylthiouracil, was given 25 mc. of 
radioiodine. Within three months the thyroid 
gland decreased from 40 to 20 Gm. and the 
thyrotoxicosis subsided. He has maintained this 
remission for eighteen months. 

Ru., a housewife, aged forty-nine, had moder- 
ately severe thyrotoxicosis. Within six months 
following 25 mc. of radioiodine the thyroid 
decreased from 30 to 20 Gm. and a remission of 
the disease was initiated: it has been maintained 
for eighteen months. 


VI. Non-toxic Nodular Goiter. In an at- 
tempt to decrease the size of such goiters 
three individuals were given I'*!. ‘Therapy 
was, aS anticipated, only moderately suc- 
cessful in spite of attempts to enhance the 
uptake of isotope by the preliminary use of 
thyrotropin and propylthiouracil. In one 
patient thyroidectomy fifteen weeks after 
the second dose of I'*! provided tissue of 
some interest. Many nodules showed inter- 
stitial scarring similar to that seen in 
Figure 9 whereas others showed no change 
which might be ascribed to prior radioiodine 
therapy. Aside from the possible risk of 
covert malignancy it is apparent that such 
therapy accomplishes little in the manage- 
ment of non-toxic nodular goiters. 

VII. Malignant Adenoma. ‘Two patients 
with malignant adenoma were treated. 
Both had recurrence of tumor in the neck 
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but generalized metastases could not be 
demonstrated in either. The course of both 
patients was quite similar and may be 
illustrated by the following summary: 


Patient Bru., aged eighteen, had had a large 
nodular goiter removed six years previously. A 
diagnosis of malignant adenoma was made. 
Within two years nodules in the neck reappeared 
and these were removed; the changes micro- 
scopically were similar to those found after the 
first operation. At the time that radioiodine was 
administered there were three nodules in the 
neck which were from 1 to 2 cm. in diameter. 
With a tracer dose of radioiodine it was found 
that the uptake by the tissue was as good as in 
some patients with Graves’ disease. (Fig. 2.) 
Following 5 mc. of radioiodine a moderate 
decrease in the size of the nodules occurred. 
Two months after the first treatment 8 mc. were 
administered. Within five months from the 
initial treatment the nodules had disappeared. 
The patient was in a state of euthyroidism at all 
times. The course of the second patient was 
similar; subsequent to the administration of 
9 mc. of radioiodine the estimated 45 Gm. of 
tissue became impalpable. 


COMMENT 


The results that have been presented 
indicate that radioiodine can be used to 
produce a remission of thyrotoxicosis in 
essentially all cases. In 100 patients with 
this disease complete remissions have been 
produced and maintained for one month or 
longer in ninety-five. In each of the 100 
patients treated the thyroid gland decreased 
in size. In most of the patients with diffuse 
hyperplasia the gland became essentially 
normal or subnormal in size. 

Although the exact mechanism of “‘cure”’ 
in thyrotoxicosis (like its etiology) remains 
obscure, the question arises as to whether 
‘“‘cure”’ following radioiodine is on the same 
basis as that following thyroidectomy. 
Although there is a similar result in the two 
therapies in that the total number of cells 
is reduced, there is a possibility that addi- 
tional antagonizing effects from radioiodine 
are attributable to sublethal actions on the 
cells and to secondary results from the 
fibrosis produced. However, experiences 
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with prolonged treatment with thiouracil 
suggest that a reduction in the total number 
of cells is not a necessity for a remission to 
persist after cessation of treatment. To 
serve as a working basis we use the hypothesis 
that the more “bombardment” individual 
thyroid cells receive from thyrotropin the 
more likely they are to become refractory 
to further stimulation; thus a remission of 
thyrotoxicosis would result when the thyroid 
cells develop an adequate amount of re- 
fractoriness. The fewer cells present, the more 
“‘bombardment”’ each receives. Eventually 
the cells, however, may lose some of their 
refractoriness. Other things being equal, the 
more cells which remain viable the greater 
is the likelihood of reappearance of thyro- 
toxicosis. ‘This hypothesis could explain the 
remissions that occur following thyroidec- 
tomy, radioiodine or thiouracil, and would 
account for the greater incidence of relapses 
with the latter therapy. 

The main problem in the use of radio- 
iodine is the difficulty involved in the selec- 
tion of the appropriate dose. Excessive 
amounts may produce myxedema but 
persistent myxedema was encountered in 
only three of our patients. Transient hypo- 
thyroidism has been not uncommon in our 
experience. So long as the hypothyroidism 
is only transient it does not constitute a 
significant handicap; indeed, such states 
seem to lend assurance to the persistency 
of the remission. Our experience has yielded 
the clinical impression that hypothyroidism 
is transient more frequently following 
radioiodotherapeusis than following thy- 
roidectomy. If this observation is borne out 
by further experience, it might be postulated 
that with irradiation of the thyroid some of 
the acinar cells temporarily may have a 
decreased capacity to manufacture hor- 
mone, but may later regain their normal 
physiologic activity. 

The patients who developed the full- 
blown picture of myxedema developed it 
more slowly (three to six months) than 
generally occurs following thyroidectomy. 
Some of the factors which may account for 
this difference in response are (1) with 
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thyroidectomy a significant amount of 


hormone is removed along with the goiter, 
(2) following radioiodine many of the cells 
may continue to function at least partially 
for several weeks, either because this interval 
is required to kill the cells with radioiodine 
or for the scar tissue to contract enough to 
interfere significantly with their blood 
supply, or because of both factors. 

Radioiodine can cause enormous reduc- 
tion in the size of goiters but it does so 
chiefly by decreasing the number of acinar 
cells and probably secondarily by reducing 
the vascularity. It does not reduce the 
quantity of fibrous tissue or calcium, and 
apparently does not cause much reduction 
in colloid cysts. Therefore, in large toxic 
nodular goiters it can produce a complete 
remission in the thyrotoxicity and it can 
reduce the size of the goiter, but a large 
amount of inert tissue may persist. For this 
reason it probably will not offer much 
advantage in the treatment of the great 
proportion of large, non-toxic multinodular 
goiters. 

The proper selection of patients for 
therapy with radioiodine must await further _ 
observation of individuals who have been 
treated in this manner and of those who 
have been given one of the thiouracils alone; 
more satisfactory comparisons with other 
methods of therapy can then be made. 
Upon the basis of present data, many 
factors should be considered in the selection 
of therapy for any individual patient.‘ 
Radioiodine is a very simple form of therapy 
to the patient but it must be used only by a 
selected group of specialists. Therefore, it 
is not available to very many people. This 
type of treatment is generally less expensive 
than is thyroidectomy and is associated 
with less economic strain and _ physical 
discomfort. It is particularly worth while in 
patients who have become sensitive to 
certain antithyroid compounds and to those 
in whom complications from thyroidectomy 
loom as a good possibility, for example, in- 
dividuals with hemorrhagic tendencies, 
those with severe cardiovascular disturb- 
ances, those who have developed hypo- 
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parathyroidism or nerve paralysis after 
previous thyroidectomies. Relatively good 
results were obtained in the treatment of 
two patients with malignant adenomas. 
However, the results in patients with highly 


TABLE 
COMPARISON OF THE CLINICALLY ESTIMATED WEIGHT OF 
GOITERS WITH WEIGHT OF THYROIDS REMOVED BY 
SUBTOTAL THYROIDECTOMY 


Weight of Thyroid (Gm.) 
Case No. 
Estimated Found 
1 35 45 
3 40 42 
10 25 31 
12 30 26 
17 140 180 
28 * 40 29 
36 40 39 
43 35 32 
52* 30 22 
56* 30 28 
57 50 44 
58 60 50 
60 40 34T 
63 30 21 
64 50 40 
67 70 61 
68 70 71 
70* 35 23 
73* 60 42 
74 40 39 
75 50 33 
76* 50 71 
83 80 90 
84 60 63 
85 35 25 
87 70 60 
91 60 66 
101 50 43 
103 30 24T 
111* 60 60 
114 40 32 
119* 100 169 
121* 120 140 
124 15 12T 
127 40 32 
128 40 41 
129* 40 49 
134 70 73 
139 30 23 
140 50 44 
146 35 35 


* Adenomatous goiters. 
ft These values have been derived by multiplying the 


weight of one lobe by two since only hemithyroidectomies 
were performed. 


malignant neoplasms leave much to be 
desired.° 

The results in the three patients treated 
with I1%° were excellent. Indeed, this isotope 
might be superior to I'*! were it readily 
available. Its much shorter half-life causes 
it to exert its effect upon the thyroid and the 
other tissues within a much shorter interval. 
Thus, the other tissues are exposed to its 
damaging effects for shorter intervals. 
Whereas with the larger doses required the 
tissues get more exposure within a short 
interval, the sum total irradiation is less 
than with the I'*! because a significant 
amount of the latter is fixed to protein, due 
to continued and more prolonged function, 
and can be demonstrated for many weeks. 
The use of tracer doses of radioiodine as an 
indicator of the quantity of isotope to use 
therapeutically is more applicable with I'*° 
than with I'*! because of the fewer oscilla- 
tions in the rate of thyroid function. 

Whether radioiodine in the doses used 
in this study will exhibit a significant 
carcinogenic effect and also its possible 
deleterious effects in other parts of the body 
remain to be determined. 


SUMMARY 


A total of 111 patients have been treated 
with radioiodine; 106 had thyrotoxicosis; 
three had non-toxic nodular goiter and two 
had malignant adenoma. Six of the thyro- 
toxic subjects received their treatment too 
recently for adequate consideration. In 
ninety-two of ninety-seven patients treated 
with [!3! a remission was produced and has 
persisted. Most of these patients became 
euthyroid within six months, an average of 
approximately three months. A total of 
222 doses of radioiodine were given to 
ninety-seven patients; an average of 2.2 
doses per patient. Thirty-five required only 
one dose; fourteen were given more than 
three doses. In the group experiencing 
remissions within six months, approxi- 
mately 225 wc. per Gm. of thyroid tissue 
were administered. An average total of about 
8 mc. was required for thyrotoxic patients 
with diffuse hyperplasia of the thyroid and 
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those previously thyroidectomized; twenty- 
two individuals with toxic nodular goiter 
required larger total doses although some- 
what smaller in proportion to the size of the 
thyroid gland. 

The goiter was reduced in size in all 
instances. Indeed, in all except one of the 
patients with diffuse hyperplasia the gland 
decreased to an estimated 25 Gm. or less; 
the one exception was an individual who 
declined to return for completion of therapy. 
In most of the patients with diffuse hyper- 
plasia the .thyroid became reduced to 
essentially normal or subnormal size before 
remission resulted. 

Three patients developed persistent myxe- 
dema. In sixteen others transient hypo- 
thyroidism resulted. 

Three individuals with thyrotoxicosis 
were treated with I'*° with excellent results. 
In two patients with malignant adenoma 
the cervical masses became impalpable. 
Three subjects with non-toxic nodular 
gomer experienced only slight reduction in 
the size of the goiters. 

No significant untoward effects from the 
radioiodine were manifested by non-thyroid 
tissues. One individual was pregnant at the 
time of her therapy, one had acute glomeru- 
lar nephritis, one had chronic pyelonephri- 
tis, three had had acute hepatitis and several 
had congestive heart failure. 

An outline of our present plan of therapy 
and a discussion of many factors concerned 
with iodotherapeusis are given in the 
following paper. 

Appendix. Since careful evaluation of the 
size of the thyroid is of importance in deter- 
mining the dosage of radioiodine required, 
it is important to know how accurately this 
may be determined. There was no oppor- 
tunity to weigh the gland of the patients 
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before treatment with radioiodine. How- 
ever, information obtained with other 
studies is of aid. 

Several years ago one of us (R. H. W.) 
estimated the size of the thyroid of patients 
treated with thiouracil, and following sub- 
total thyroidectomy the gland was trimmed 


_and weighed carefully as part of a procedure 


for determining the localization of thi- 
ouracil. The estimated and the determined 


weights of these glands are recorded in 
Table xn. 

In interpreting the data it is to be borne 
in mind that the “determined weight’’ is 
not an exact indicator of the size of the 
gland as it exists in the patient because of 
variations in the amount of fluid lost or 
gained during the operation. Moreover, 
there were variations in the quantity of 
thyroid tissue left in the neck. 

It may be observed that the error was 
greater in estimating the weight of ade- 
nomatous goiters than diffusely hyperplastic 
ones. In only three of thirty-one of the latter 


type was there a discrepancy of more than 
10 Gm. 
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ESULTS presented in the preceding 
paper’ as well as in the reports of 
other investigators”’* demonstrate 
that in treating thyrotoxicosis with radio- 
iodine some of the problems encountered 
are similar to those found with surgical 


radioiodine in the thyroid. 


therapy. The effectiveness of radioiodine, 
like subtotal thyroidectomy, depends upon 
the elimination of the majority of the thyroid 
acinar cells. Since only slight differences in 
the quantity and quality of tissue remaining 
may determine whether the amount of 
thyroid hormone produced is excessive, ade- 
quate or inadequate, it is imperative that 
this problem be evaluated carefully. An 
advantage is afforded surgical therapy by 
the opportunity of directly examining the 
gland, thereby aiding in determining how 


Boston, Massachusetts 


much tissue should be removed; the opera- 
tor can proceed immediately in extirpating 
whatever amount he chooses. More difficulty 
is encountered in selecting the optimal dose 
of radioiodine. The concentration of and 
duration of fixation of isotope in or adjacent 
to thyroid cells* (Fig. 1) is a complex kinetic 
process which can be predicted only within 
certain broad limits. Even tracer-dose tech- 
nics do not reflect the alterations in iodine 
metabolism that occur during the weeks 
that I'*! exerts its activity. The efficacy of 
radioiodine in reducing the amount of 
hyperplastic tissue is subject to influences 
which relate to net iodine-thyroid-pituitary 
interrelationships which in turn affect the 
ionizing radiation to which the thyroid is 
subjected over a considerable period of time. 
In this respect, the ingestion of goitrogens, 
variation in iodine intake, metabolic rate, 
stress, ° et cetera, should be mentioned. 

In spite of certain difficulties inherent in 
the selection of dosage it is believed that 
radioiodine therapy is unquestionably the 
treatment of choice in certain patients and 
that its use is worthy of consideration in 
many others. Certain observations concern- 
ing the selection of doses of radioiodine in 
the treatment of 111 individuals with thyro- 
toxicosis are to be described. 


METHODS 


All of the radioiodine used in these studies was 
I'31, The quantities administered were based 


* From the Thorndike Memorial Laboratory, Second and Fourth Medical Services (Harvard), Boston City 
Hospital, and the Department of Medicine, Harvard Medical School, Boston, Mass.,’and from!the Department of 


Medicine, University of Washington, Seattle, Wash. 


t Research Fellow aided by the Commonwealth Fund. 
718 


AMERICAN JOURNAL OF MEDICINE 


< 

1G. 1. Note the variations in the concentration of 


Radioiodotherapeusis— Williams et al. 


upon estimates made at Oak Ridge, Tennessee, 
with standard corrections for decay. All of the 
therapeutic doses were administered by mouth 
and consisted of 1 mc. per 10 cc. of water. In 
most of the treatments approximately 0.5 mg. of 
potassium iodide was used as a carrier. None of 
the subjects received potassium iodide within 
four weeks of the test doses except where other- 
wise mentioned. The tracer dose consisted of 
100 microcuries in 1 cc. of physiologic saline 
solution without added carrier; it was injected 
subcutaneously. 

For the determination of the radioiodine in 
serum 0.5 or 1 cc. was placed in a bottle cap 
with one drop of dupanol. After drying in an 
oven the cap was placed under a Geiger-Mueller 
tube and counts were made. Urine was assayed 
in a similar manner. 

For the determination of PBI* 1 cc. of serum 
was pipetted into a 15 cc. centrifuge tube. Then 
9 cc. of 10 per cent trichloracetic acid was 
added while the solution was stirred vigorously. 
After centrifugation the supernatant fluid was 
decanted. The precipitate was washed three 
times with 5 cc. portions of 10 per cent tri- 
chloracetic acid, transferred quantitatively to 
bottle caps, dried at 100°c. and then isotope 
counts were made. 

Estimates of the size of the thyroid gland were 
made in all instances by the same physician and 
were recorded in Gm. It is believed that these 


estimations were relatively close, especially when | 


the gland weighed less than approximately 
70 Gm.! 

The patients previously treated by means of 
thyroidectomy and those with nodular goiters 
are considered separately from those with 
diffuse goiter. 

Fifty-six patients had received one of the 
thiouracils for prolonged intervals, as indicated 
in the figures. The dosage was sufficient to 
maintain the metabolic rate at a normal level. 


RESULTS 


Epithyroid Counts. Determinations of the 
concentration of isotope in the region of the 
thyroid gland were made in ten patients 
(Fig. 2) by placing a Geiger-Mueller count- 
ing tube successively over each lateral lobe 
of the gland. The counts were made twenty- 
four hours after therapeutic doses had been 
given. The counting tube was held 1 cm. 
from the skin and a leaded rubber pad was 

* Protein-bound radioiodine. 
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placed between the neck and the counter. 
In a few instances similar counts were made 
over the region of the kidneys. 

The amount of radioiodine found in the © 
thyroid region could not be correlated well 
with the ultimate total dose required to 
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Fic. 2. In order to make allowance for the differences 
in the size of the thyroid gland in the correlation of the 
counts over the gland with the size of the dosage, the 
counts per second were divided by the dose in micro- 
curies per 100 gm. of thyroid tissue. The same relative 
estimations were made: with counts determined over 
the kidneys. 

produce a sustained remission. ‘The counts 
over each lateral lobe were quite similar. 
The counts over the renal regions were 
much less than over the thyroid. In one 
patient with severe acute glomerular neph- 
ritis (Per., Fig. 2) the concentration of 
isotope in the renal region was similar to 
that found in patients without kidney 
disease. 

Relation of Radiotodotherapeusis to the Content 
of Radiotodine in Blood and Urine. 1. Changes 
within One Hour after Tracer Dose: Nineteen 
thyrotoxic patients received tracer doses of 
['3!_ The subjects remained at rest for one 
hour and at this time determinations were 
made of the total amount of radioiodine 
which had been excreted and of its concen- 
tration in serum. A similar test was con- 
ducted in four athyreotic subjects and in 
seven normal individuals. The results are 
presented in Figure 3. 

Considerable variation in the quantity of 
radioiodine in the serum and urine was 
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observed in the same as well as in different 
groups of subjects. Neither the content of 
isotope in the urine nor blood following the 
test dose was a Satisfactory indicator of the 
quantity required to produce sustained re- 


Thyrotoxicosis | 
DAYS SINCE PTU — = 
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Fic. 3. Each column presents data in a different patient. 
All of the subjects experienced a remission within six 
months after the initial radioiodine treatment, except 
where indicated. The myxedema patients had been 
treated with desiccated thyroid for several months 
before the tests with radioiodine were conducted; their 
metabolic rates were within normal limits. The pa- 
tients treated with propylthiouracil (PTU) had re- 
ceived from 200 to 250 mg. daily, ending at the times 
indicated. The thyrotoxic subjects previously treated 
with radioiodine had received therapeutic doses. Al- 
though some isotope was still present in these patients, 
the quantities were relatively insignificant. Tracer doses 
(100 mc.) were given each subject. The ratio of the 
total amount of isotope in the urine to its concentra- 
tion in 1 cc. of plasma and the product of these values 
have been plotted since in other studies*® these calcula- 
tions have accentuated the differences between thyro- 
‘toxic, normal and myxedematous individuals. The 
clinical response during the first six months only is 
considered here because most of the subjects experi- 
enced a remission during this interval and because 
treatment beyond it was given more irregularly and 
was more complicated by repair processes in the thyroid 
gland. 
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mission. There was no significant difference 
between those who experienced a remission 
and those who did not. 

Most of the thyrotoxic subjects who ex- 
perienced a remission in six months received 
an average of from 60 to 90 wc. per Gm. of 
thyroid tissue per month, or a total of from 
175 to 300 uc. per Gm. Those who remained 
thyrotoxic received comparable amounts. 

2. Daily Excretion of Radtotodine in Urine 
Following Therapeutic or Tracer Doses: De- 
termination of the quantity of radioiodine 
excreted during the first twenty-four hours 
following therapeutic doses showed (Fig. 4) 
in most instances that from 20 to 40 per cent 
of the dose was excreted. Comparison of 
these values with the quantities of isotope 
used in producing remission within six 
months revealed no definite correlation 
whether the dosage was expressed as total 
millicuries, total microcuries per Gm. of 
thyroid, or the average number of micro- 
curies per Gm. of thyroid per month. 
Furthermore, in these cases there was no 
significant effect on the quantity of radio- 
iodine in the urine when standard treatment 
with propylthiouracil was continued until 
two days before isotope therapy. 

In the group of patients followed for 
several days (Fig. 5) the quantity of radio- 
iodine in the urine decreased considerably 
after the first one or two days following 
therapy, when as much as 1 per cent of the 
initial dose continued to be excreted daily 
for many days. The quantity of isotope in 
the urine of one patient (Ch.) given three 
therapeutic doses showed relative increases, 
while in another subject (Bo.) there was less 
after the second treatment than after the 
first. One individual (Si.) given two equal- 
sized tracer doses within three weeks, with- 
out any therapy in the interim, excreted 
18 per cent within twenty-four hours after 
the first dose and 13 per cent after the 
second dose. By the end of the fourth day 
the total excretion was the same in each 
instance. The subject who took propylthi- 
ouracil until the day of radioiodine adminis- 
tration excreted relatively the same amount 
of isotope as did the patients who had not 
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received this therapy. On the other hand, 
the subject taking potassium iodide excreted 
relatively more. i 

The quantity of radioiodine that was 
excreted during the intervals studied was a 
poor index of the total dose required to 


produce a remission. The patients who had 
diffuse goiters became euthyroid after re- 
ceiving from 70 to 90 uc. per Gm. of thyroid 
per month; those with nodular goiters 
needed less per Gm. of tissue but a one 
total quantity. 


RELATION OF I° URINE TO AMOUNT REQUIRED FOR TREATMENT 
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Fic. 4. See legend for Figure 3. In some patients, as indicated on the chart, the 
same test was conducted twice. For comparative purposes the patient’s initial 
and the date of the test are included in the data. The weights of the thyroid are 
those estimated at the time of the first radioiodine treatment. 


RELATION OF DAILY EXCRETION OF I° TO TOTAL DOSE REQUIRED 
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Fic. 5. See legends for Figures 3 and 4. Each of the patients included in this 
figure experienced a remission within six months and it has been sustained 


subsequently. 
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Relationship of the Physical Characteristics of 
the Thyroid Gland and the Intervals of Therapy 
to the Dosage Used to Produce Remission. 
There is no way of determining the minimal 
dosage required to produce a remission in a 
given patient but experience permits reason- 
able estimates. The results in patients with 


rate. Heweyer, :in some subjects with toxic 
diffuse goitér apparently a difference of 1 or 
2 mc. in dosage will determine whether 
hyperthyroidism or euthyroidism will be 
produced; in other instances this same 
difference in dosage may determine whether 
euthyroidism or myxedema will develop. 


I*given mere then 6 months efter mine! 
Mtyneteme 
tence 


Fic. 6. Each column indicates data in one patient. In the top row is demon- 
strated the interval from the first dose of radioiodine until a remission was 
obtained that has been sustained. The present size of the thyroid glands is demon- 
strated by the black columns, while the blank portions of the columns show the 
extent to which they have decreased in size. The method and rationale of calcula- 
tion of the ycI */mo./gm. thyroid and the uclI */gm. combined thyroid weight (or 
average thyroid weight) have been presented in the text. In the section labeled 
ucl */gm. thyroid/dose are presented the data in patients given more than one 
radioiodine treatment within the first six months of therapy. One patient, indi- 
cated by #, did not return for additional therapy. 


toxic nodular goiters indicate that in some 
instances, even after a state of euthyroidism 
is established, 10 mc. or more of radioiodine 
may be given without altering the metabolic 


In Figure 6 are presented some of the 
results obtained in patients with toxic 
diffuse goiter. Because many patients had 
been treated with one of the thiouracils for 
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varying intervals and inasmuch as sustained 
remissions may follow such therapy, the 
Cases are separated according to the intervals 
of previous treatment with these com- 
pounds. (Fig. 6.) In each patient it was 
clearly established that the individual was 
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propylthiouracil was given immediately 
before the radioiodine but usually was 


stopped about four days before the latter. 


THYROIDECTOMY PREVIOUSLY 


It may be observed (Fig. 6) that all but 
two of the patients with diffuse goiters 
experienced remission of thyrotoxicosis. 
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thyrotoxic when this therapy was with- | 


drawn. Thus the radioiodine was not given 
immediately after long intervals of thio- 
uracil treatment but was separated from it 
by one or more months. In some of these 
cases a short course, one to five weeks, of 
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Fic. 7. Compare with Figure 6. 


Moreover, in all but seven cases the remis- 
sion occurred within six months. One 
subject developed myxedema. The thyroid 
in all patients decreased to 25 Gm. or less 
except in one who failed to return after 
the initial dose of radioiodine. 
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There is no statistically significant differ- 
ence in the dosage of radioiodine used to 
produce remission in the groups of patients 
previously treated for varying intervals 
with thiouracil.' The patient (Fig. 6) who 
developed myxedema following radioiodine 
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Moreover, many of the nodular glands 
remained enlarged although remissions of 
the thyrotoxicosis developed. ‘Two patients 
with nodular goiter have remained thyro- 
toxic in spite of 17.5 mc. in one case and 
30 mc. in another. Two individuals who 
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Fic. 8. The plots in the upper half of the figure are in patients with diffusely en- 
larged thyroids but the others were nodular. No. and Ma. had no thyrotoxicosis 
but the others were severely toxic. Each patient received 0.3 mg. KI with the 
radioiodine, but none received KI or PTU following it. No. received 50 J.S. units 
of thyrotropin in sesame oil for each of two days before I*. All of the thyrotoxic 
patients have had remissions which have now lasted for more than seven months. 
The diffusely enlarged glands decreased in weight from approximately 45 gm. 
to less than normal size (20 gm.); the nodular glands decreased only slightly. 
Following removal of Ma.’s gland several months later characteristics of a 
thyroid storm were observed, although repeated clinical examinations, including 
estimations of the basal metabolic rate, had shown no evidence of thyrotoxicosis. 


had had prolonged therapy with thiouracil; 
without thiouracil thyrotoxicosis reappeared, 
although of much milder degree. He re- 
ceived less radioiodine than the average 
quantity given to other patients. On the 
other hand, another individual who had 
taken thiouracil for more than two years 
and whose thyroid gland weighed approxi- 
mately 30 Gm. has continued to have 
thyrotoxicosis after 20 mc. 

Upon comparing Figures 6 and 7 it may 
be observed that there was no significant 
difference in the dosage used in the different 
groups when expressed upon a thyroid- 
weight basis. The total amount used in the 
subjects with toxic nodular goiters was 
greater than in those with diffuse goiter. 


had had a thyroidectomy and had been 
treated with thiouracil for intervals of from 
sixteen to twenty-four months developed 
myxedema. Neither received as much as the 
average amount given to the other patients. 

Change in the Total and Protein-Bound Radto- 
todine Content of the Serum Following Thera- 
peutic Doses. Aside from the usual factors 
which affect iodine metabolism, further 
changes are produced by radioactivity. As 
a result of the latter action a decreased rate 
of synthesis of PBI* and a relative increase in 
“‘spillage’’ of PBI* and PBI from the thyroid © 
gland may be anticipated. The extent to 
which this “spillage”? phenomenon takes 
place, with the increased metabolic rate 
which it may produce, may be expected to 
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effect the quantity of TI* and PBI* in the 
body. 

_ Following the administration of thera- 
peutic doses of radioiodine the changes in 
PBI* were determined in sixteen patients 
and the TI* in eleven for intervals of from 
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thyroid cells,’ the resulting injurious effects 
on the cells would probably decrease the 
synthesis of PBI*. On the other hand, 
the injured tissue might permit a greater 
“‘spillage’”’ into the blood stream of such 
PBI* as had been synthesized. As a final 
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Fic. 9. Each of these patients had thyrotoxicosis; it was severe in Jac. and 
Tho. The thyroid was diffusely enlarged in Jac. and Lon. and was nodular 
in the others. Approximately 30 gm. of tissue were estimated to be present 
in Lon. and Bur. and 75 gm. in the others. The treatment of these patients 
was especially different from that of the patients in Figure 8 in that twelve 
hours after the radioiodine was administered each patient was given 3 drops 
of a saturated solution of potassium iodide and he continued to receive it 
twice daily for five days; it was then discontinued. Bur. and Spr. experienced 
remissions in thyrotoxicosis that have persisted for more than six months, 
but additional therapy was given to the others within six weeks. 


two to six weeks. Fourteen of the patients 
had thyrotoxicosis; five of the fourteen had 
nodular goiters. Two individuals had non- 
toxic nodular goiters. 

The serum values and some of the char- 
acteristics of each case are given in Figures 
8, 9 and 10. The subjects charted in Figure 
9 were given potassium iodide for five days 
following radioiodine while those in Figure 8 
were not. The increased quantity of iodine 
in the body would promote more rapid 
excretion of radioiodine. Since iodine tends 
to inactivate thyrotropin, one would antici- 
pate that this therapy would cause a slower 
synthesis of PBI* but an increased tendency 


for its storage in the thyroid. Because iodine 


promotes a longer stay of radioiodine in the 
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result of these effects of iodide a slower in- 
crease in the serum of TI* and PBI* might 
be anticipated with less of a total increase. 
However, a decreased rate of utilization of 
PBI* probably results as the metabolic rate 
decreases. 

The maximal concentrations of PBI* 
were found between the fifth and twentieth 
days. During this interval there also tended 
to be the greatest difference between the 
concentration of TI* and PBI*. In each 
patient significant concentrations were found 
for as long as the patients were followed, 
which in one instance was six weeks. In no 
instance did the PBI* ever account for all 
of the TI* although these two values 
tended: to approach each other after the 
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twentieth day. The TI* and the PBI* 
reached higher levels in the patients with 
diffuse goiter than in those with toxic 
nodular glands. In the latter group the rise 
in TI* and PBI* was slower; there was a 
more prolonged plateau, a slower fall and 
less of a difference in the TI* and PBI”. 


by the isotope can be readily determined 
but its effectiveness in controlling thyro- 
toxicosis is dependent upon a large number 
of factors which modify its concentration 
and distribution in the thyroid. Apparently 
the metabolism of radioiodine is like that 
of iodine. Some of the factors influencing 


Dos 510. 15 


Boy. Bue. Fas. 
| r 
5 me. 


Fic. 10. Boy. had a nodular goiter with severe thyrotoxicosis; in the others 
the disease was less severe and the gland was diffusely enlarged. Potassium 
iodide therapy was like that given the patients described in Figure 8. The 
thyroid gland of Buc., Fas., Shi. and Kon. weighed approximately 30 gm. and 
decreased to less than 20 gm. within several weeks following radioiodine 
therapy. In Boy. the gland weighed 60 gm. before and after the therapy shown. 
Buc. developed myxedema; Fas., Shi. and You. have needed no more therapy; 
after 3 mc. of additional treatment Kon. experienced a remission. 


The concentration in patient Ma. Fig. (8) 
became much greater than in any of the 
others. This subject had a nodular goiter 
which clinically was non-toxic but micro- 
scopically it appeared very active. This 
patient is unique in several respects and is 
being investigated further. 

The nature of the plots in Figures 8, 9 
and 10 does not indicate the efficacy of the 
therapy with reference either to the reduc- 
tion in gland size or thyrotoxicity. 


COMMENT 


The effectiveness of radioiodine in the 
treatment of thyrotoxicosis is due to its 
capacity of injuring thyroid acinar cells, 
leading to disappearance of a large pro- 
portion of them. Its efficiency depends upon 
the amount and duration of exposure of the 
individual thyroid cells to ionizing radi- 
ation. The amount of radioactivity possessed 


the distribution of the latter are discussed 
below. 

Thyrotropin causes (1) an increase in the 
rate of transfer of thyroid hormone from the 
thyroid acini to serum, (2) a decrease in 
the storage of hormone in the thyroid 
gland, (3) hypertrophy and hyperplasia 
of the acinar cells, (4) an increase in the 
rate of transfer of iodide from the serum 
to the thyroid, (5) an increase in the rate of 
synthesis of the thyroid hormone and (6) an 
increase in the rate of transfer of iodine 
from the cells to the lumen of the acinus. 
The quantity of thyrotropin released is 
influenced, presumably, by many factors 
such as the quantity of iodine in the diet 
and amount of stress. Moreover, factors 
which affect its inactivation and excretion 
would also influence, indirectly, the ex- 
change of iodine in the thyroid. 

Iodine inactivates thyrotropin and tends 
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to inhibit its effects. Moreover, the quantity 
of iodine in the body may exert significant 
effects upon the exchange of radioiodine in 
the thyroid independent of its effects on the 
thyroid, for example, upon the serum; 
thyroid iodine gradient, excretion of iodine 
in the urine, etc. Among the factors affect- 
ing the quantity of iodine in the body are 
the amount ingested in food or as medicine 


and the quantity in water and in air. The © 


quantity of iodine in the thyroid is influ- 
enced by the amount in the blood; anti- 
thyroid substances in the diet, thioureas, 
thiocyanates, etc.; thyrotropin activity and 
the structure of the thyroid. Of course, many 
of these effects are interdependent. 

Results and Present Plan of Therapy. Some 
of the variables influencing response can be 
assessed following the administration of 
radioiodine by the determination of (1) the 
concentration of isotope in the thyroid 
region, (2) its excretion in the urine, (3) its 
concentration in the blood and (4) correla- 
tion of these observations with gland size 
and time. However, many factors must be 
considered in interpreting the data obtained. 
For example, following a tracer dose the 
concentration in the thyroid region can be 
used as an indication of the relative quantity 
of therapeutic dose of isotope which will 


accumulate in the same region when given . 


under the same conditions. Likewise, by 
estimating the quantity of radioiodine in the 
blood and urine, it can be adduced that a 
significant portion of the remainder is in the 
thyroid gland.**!° However, such informa- 
tion does not indicate the variations in 
concentration which may occur from cell 
to cell nor indicate the variations in ratios 
of concentration in cells and colloid. Fur- 
thermore, it must be emphasized (1) that 
I'3! continues to irradiate the gland for 
several weeks and (2) during this interval 
the radioiodine is passing in and out of the 
gland repeatedly. In this connection it 
should be noted that as the injury of the 
acinar cells occurs, changes probably occur 
to alter the exchange of iodine in the thy- 
roid and, therefore, make it different from 
the changes indicated in the beginning by 
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the tracer studies. Moreover, it seems likely 
that all thyroid acinar cells do not have the 
same degree of radiosensitivity and, conse- 
quently, the concentration of isotope in the 
cell is not an exact indicator of the extent of 
injury that will result in it. 

In spite of the many variables which may 
interfere with accurate estimation of the . 
dosage of radioiodine needed we are very 
much in favor of extending the types of 
tests that have already been applied, as 
well as searching for new tests, because 
determination of the dosage needed is by 
far the most important phase of radioiodo- 
therapeusis. Perhaps more helpful informa- 
tion can be obtained by following the 
changes in the distribution of radioiodine for 
several weeks following its administration. 

The regimen that was used most com- 
monly in the treatment of our patients 
consists of (1) discontinuation of iodide 
therapy at least four weeks before radio- 
iodine is to be given, (2) administration of 
propylthiouracil for approximately four 
weeks, ending four days before the ad- 
ministration of radioiodine, (3) the use of 
0.5 mg. of potassium iodide twice daily, 
beginning within twelve to twenty-four 
hours after radioiodine and continuing for 
five days, (4) the administration of another 
dose of isotope approximately eight weeks 
later, if indicated. Of course, it is difficult 
to know the value of some of these measures 
but some reasons for their plausibility may 
be discussed. 

Early in our experience! a few patients 
developed a distinct exacerbation in their 
condition within a few days following radio- 
iodotherapeusis. These were individuals 
who had no previous therapy of any type 
for thyrotoxicosis. It was reasoned that 
radioiodine had altered thyroid physiology 
in a manner similar to thyroidectomy, ex- 
cept that there was not the degree of alarm 
reaction associated with the latter. After 
thyroidectomy thyroglobulin can be found 
in the blood almost immediately thereafter 
and thyroid storm is most apt to occur in 
the first twenty-four hours. Although esti- 
mations of thyroglobulin following radio- 
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iodine have not been reported, it seems very 
probable that with the necrosis of the 
thyroid tissue resulting from irradiation 
thyroglobulin could enter the blood stream 
just as it has been shown"? to do in patients 
with thyroiditis. An appreciable amount of 
necrosis would not be expected for several 
days and the maximal intensity of the 
exacerbation in thyrotoxicity requires a 
similar interval. Apparently, with radio- 
iodine or by surgery, the release of signifi- 
cant amounts of thyroid hormone into the 
blood stream of a patient who already has 
a relatively high concentration and is in 
poor general nutritional state may lead to a 
thyroid storm. On the other hand, when 
such patients are treated adequately for 
several weeks with propylthiouracil, a 
decreased concentration of hormone results 
in the thyroid and other portions of the body 
together with an improved nutritional 
status; therefore, they are less subject to 
untoward reactions. In some _ instances 
propylthiouracil is given for intervals longer 
than four weeks and sometimes less, depend- 
ing upon the severity of the thyrotoxicosis, 
the interval before the next expected ship- 
ment of radioiodine, etc. Propylthiouracil 
not only has this advantage but it promotes 
improvement in the patient while waiting 
for the isotope. Moreover, it probably 
increases the uptake of the radioiodine by 
the thyroid if discontinued four days before 
the latter. Essentially all of the drug dis- 
appears from the body during this interval. 
If it is given until the day of the iodo- 
therapy, it may interfere with the uptake of 
iodine by the thyroid. 

The extent to which propylthiouracil 
interferes is small compared to the effects of 
therapeutic doses of potassium iodide. 
Although this substance probably does not 
cause significant interference for as long as 
four weeks after cessation of its administra- 
tion, there are enough variables of other 
types to make it desirable to remove any 
that are not necessary. The use of propyl- 
thiouracil preceding radioiodine therapy 
helps eliminate excesses of iodine in the 
body. Whereas statistically significant differ- 
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ences were not found, we have the impres- 
sion based upon careful consideration of 
individual cases that patients previously 
treated for long intervals with thiouracil, or 
previously subjected to thyroidectomy or 
both, require relatively less radioiodine 
than patients not so treated. 

Young patients were not given as large 
doses initially as adults, as we particularly 
desired to avoid myxedema in this group. 
We attempted to select the minimal dose 
which we thought might produce a remis- 
sion, realizing that it was easier to give 
additional doses than to treat myxedema. 
A rule-of-thumb* which evolved for appli- 
cation in the selection of the initial dosage 
for a great proportion of patients with 
diffuse hyperplasia was as follows: 4 mc. 
if the gland weighed 30 Gm., and 1.5 mc. 
extra for each additional 10 Gm. in weight. 
Of course, as discussed at length, there are 
many factors modifying the dosage required. 

The use of the carrier doses of iodide was 
based upon the work of earlier investiga- 
tions.*,On the basis of our clinical studies 
we could not detect a definite difference in 
response whether we gave potassium iodide, 
sodium bromide or nothing with the radio- 
iodide. It was difficult to evaluate the 
influence of potassium iodide upon the 


effectiveness of radioiodine when given for 


five days after the latter. Whereas such a 
procedure tends to promote excretion of 
radioiodine and from this point of view 
would decrease its effectiveness, potassium 
iodide helps trap the isotope in the thyroid 
cells’ which is where it is most desired. 
Whether or not this phenomenon is actually 
advantageous, iodide for a few days does 
help prevent exacerbations of the thyro- 
toxicity. Moreover, using it in the manner 
described apparently does not interfere 
significantly with interpretation of the 
effectiveness of radioiodine or in the next 
treatment with it. 

The problem of when to give additional 
doses of radioiodine ranked next in difficulty 

* This “rule-of-thumb,” like so many others, proba- 


bly will not hold very long but when applied to a limited 
group of patients it may be of aid for a while. 
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to the selection of dosage. In our earlier 
experiences we sometimes erred by repeat- 
ing the treatment within four or five weeks. 
Now, with only few exceptions, we do not 
repeat the therapy within intervals less than 
approximately eight weeks. The interval 
required for patients to obtain a maximal 
response from a dose of radioiodine varies 
from one to five months. In general, patients 
who had had no definite response in six 
weeks or those who had had the maximal 
improvement after about four weeks and 
were experiencing an intensification of the 
manifestations by the sixth week invariably 
needed more therapy. The patients who 
were very mildly toxic by the end of eight 
weeks were followed for another two to four 
weeks before decision regarding additional 
therapy was made. Most of the patients who 
did not require additional therapy became 
euthyroid or hypothyroid within five to ten 
weeks. Patients who became myxedematous 
required three months or more to develop 
this picture. A few patients required three 
or four months to exhibit the maximal 
response to a given treatment although 
they did not develop myxedema. To illus- 
trate the relative interval required for dif- 
ferent degrees of response, the following 
‘‘rule-of-thumb” may be stated: the maxi- 
mal response in metabolic rate occurs within 
one month when treatment is inadequate, 
within two months when it is adequate and 
within three months when it is excessive. 
Of course there are notable exceptions to 
these generalizations. 

The interval between the time of ad- 
ministration of radioiodine and remission 
of thyrotoxicosis is required not only to 
produce injurious effects on the thyroid 
cells but also to utilize the excess of hormone 
that had been manufactured previously. 
Since there is considerable variation in 
these respects, it is not surprising that the 
degree of response differs. For example, 
these factors are probably major ones in 
accounting for the slower response in 
metabolic rate of patients with toxic nodular 
goiter than in those with toxic diffuse goiter, 
while it was more rapid in those previously 
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thyroidectomized. The greater variation 
in the physiologic and anatomic status of 
the thyroid of patients with nodular goiters 
than those with diffuse hyperplasia con- 
tributes to the greater irregularity in re- 
sponse. The fact that none of the former 
group developed hypothyroidism, although 
relatively large doses of radioiodine were 
given when the patients were euthyroid, 
can be attributed at least partially to the 


greater variation in the aetna activity 
of the thyroid cells. 


SUMMARY 


In our experience with radioiodine in the 
treatment of 111 patients with thyrotoxico- 
sis the quantity of isotope required to pro- 
duce remission varied considerably. 

In investigating technics that might be 
used as indicators of the amount of isotope 
needed, we attempted to correlate the 
dosage of isotope used with (1) earlier 
estimations of amounts of it in blood, urine 
or thyroid region after specific intervals 
and (2) clinical examination of the thyroid 
gland. 

None of the methods was very satis- 
factory. Clinical evaluation of the thyroid 
gland was of moderate aid. Nodular goiters 
required larger total amounts of isotope 
than diffuse goiters but less per Gm. of 
thyroid. Previous therapy with thiouracils 
for long intervals or with thyroidectomy 
did show statistically significant differences 
in the quantity of radioiodine needed, 
except insofar as they affected the quantity 
of thyroid tissue present. 

The value of the administration for short 
intervals of propylthiouracil before, and of 
potassium iodide after radioiodotherapeusis 
is discussed along with many other factors 
affecting the results of therapy. 
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ADIOACTIVE iodine (I!*! eight day 
R half-life) is an agent for the treat- 
ment of toxic goiter which has been 

studied at the Presbyterian Hospital for 
the past three years. The present report 
summarizes our experience in 103 patients. 
When this work was initiated,, informa- 
tion concerning dosage was scant.!? Hence 
the first patients were treated more or less 
empirically. On the basis of known physical 
data and from previous experience with x- 
ray therapy it was calculated that a dose of 
3 to 4 millicuries of I'*! would deliver a 
satisfactory irradiation to a moderate sized 
thyroid. It was soon noted that failure to 
respond to this dosage occurred mostly in 
patients with initially large glands and in 
those markedly thyrotoxic.* A second dose 
of 3 to 4 mc. was given to most of these 
patients four months after the initial treat- 
ment but with no better response.‘ By 
January, 1948, the accumulated data indi- 
cated that about 50 to 100 we. I['*! retained 
per estimated Gm. of thyroid tissue resulted 
in satisfactory remission in a high per- 
centage of cases.5 Since the average reten- 
tion of I'*! after ingestion is about 50 per 
cent of the administered amount, the 
administration of approximately 100 to 
200 uc. per estimated Gm. of gland weight 
would approach the desired goal. A total 
dosage of about 3 to 15 mc. would thus be 
required. However, for fear of inducing a 
high incidence of hypothyroidism it was 
decided to limit the highest dosage to 6.5 
mc. and to retain the lower limit at 3 mc. 
Larger glands accordingly received some- 


what less than the desired amount of I?! per 
Gm. of gland tissue and smaller ones some- 
what more. Those patients failing to show 
remission within four months on such © 
dosage were retreated. A final third dose 
was given to the few patients who remained 
uncontrolled four months later. 

Forty patients were treated prior to 
January, 1948, and sixty-three patients from 
then to February, 1949, with a follow-up - 
period of from almost three years to a 
minimum of at least four months. The 
results obtained indicated considerable suc- 
cess in inducing remission of hyperthyroid- 
ism by means of radioiodine (I***). 


METHODS 


The earlier methods of Hertz,! Hamilton and 
Soley? and others®’ for radioiodine therapy in 
hyperthyroidism have been reported. The rela- 
tive merits of (twelve hour half-life) and 
(eight day half-life) have been discussed.* At 
the present time, with [!*! readily available from 
the atomic pile at Oak Ridge, the shorter-lived 
isotope no longer is employed. I'*! was made 
available by the Atomic Energy Commission for 
investigative use in September, 1946. Since then 


the material has been obtainable in relatively 


large quantities, at low cost and essentially 
carrier-free (that is, not mixed with stable 
iodine). This last specification is important since 
it insures against the production of unwanted 
biologic effects due to iodine per se, as opposed 
to the desired radiation effects resulting from 
the gradual breakdown of the radioiodine. 
Adequate arrangements are necessary for the 
safe handling of iostopes to avoid radiation 
dangers. The establishment and maintenance 


* From the Departments of Medicine and Radiology, Presbyterian Hospital and the College of Physicians and 
Surgeons, New York. This investigation was supported (in part) by a research grant from the Division of Research 
Grants and Fellowships of the National Institutes of Health. Aided (in part) by a grant from the Council of Pharmacy 


and Chemistry, American Medical Association. 
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of these precautions was made the responsibility 
of a health officer. There were a number of 
problems connected with the clinical use of 
radioiodine. These included handling the iso- 
tope prior to its administration to the patient 
and the subsequent proper disposal of the 
patient’s excreta. The avoidance of irradiation 
of other individuals from the material in the 
patient had to be considered although this 
hazard is generally not incurred to a significant 
extent in the treatment of hyperthyroidism. 
These problems have been discussed in detail 
elsewhere.’ 

The subject of radioiodine standardization 
has been the source of considerable confusion. 
‘*“Millicuries,”’ as reported in the literature, may 
represent widely discrepant values.!® All clinics 
in New York City have for two years employed a 
‘‘New York millicurie’”’ (corresponding, fortu- 
nately, to the one already employed in this 
clinic). This unit is about 1.4 times as great as 
the millicurie used by Oak Ridge until July 1, 
- 1949, and is within 10 per cent of the unit now 
in use there. All doses herein reported are in 
terms of the New York millicurie. 

The desired amount of I*! for either tracer 
or therapeutic use is diluted in water for inges- 
tion by the patient. The container is then care- 
fully rinsed and the washings also swallowed to 
insure against loss of activity. The patient need 
not be in the fasting state unless the rate of 
accumulation of radioiodine in the thyroid"! 
is being studied. Twenty-four hours after inges- 
tion of the I'*! the uptake by the thyroid is 
measured.'? At this point uptake is usually 
maximal and tends to reach a plateau. 

Per cent uptake is determined by direct 
measurement over the thyroid gland with the 
Geiger counter. Necessary precautions in mak- 
ing such measurements have been discussed in 
detail elsewhere.’ It is sufficient to point out 
here that the counter must be at a great enough 
distance and have a large enough aperture so 
that radiation from the entire gland is measured. 
Approximation of thyroid uptake from urinary 
excretion is definitely less satisfactory'** and 
has been used at the Presbyterian Hospital only 
to supplement uptake studies. 

Knowledge of I'*! uptake by the thyroid is 
important in calculating radiation delivered to 
the gland. The radiation delivered to the 
thyroid depends both on the amount of I}*! 
deposited per Gm. of gland tissue and its rate 
of biologic elimination due to secretion as iodine- 


Radioactive Iodine Therapy of Hyperthyroidism— Werner et al. 


containing hormone. The formula for calculat- 
ing dosage is: 


Equivalent roentgens (e.r.) 
_ mc. administered X % uptake 


gland weight 


X effective 
half life K 160. 


The term “equivalent roentgen” has been 
devised to include both beta and gamma ray 
dosage since the “roentgen” properly applies 
only to X and gamma rays. For practical 
evaluation of dosage the roentgen and equiva- 
lent roentgen may be considered to be the same. 
The magnitude of the equivalent roentgen 
(e.r.) is essentially the same as that of the “rep” 
used by some workers. 

The determination of gland weight as used 
in the dosage formula is admittedly the least 
accurate part of the calculation. Gland size can 
be only roughly approximated. The practice of 
this clinic has been to rely on the results of 
palpation carried out by the same individual 
(S. C. W.) in all cases. Subsequent comparison 
of these estimates with a series of plasticine 
models representative of varying sizes of the 
thyroid is then made as an aid in classification.* 
Soley, after comparing his own estimates of 
gland size from palpation with those made from 
specimens obtained subsequently at operation, 
calculated a discrepancy of about 30 per cent 
between the two.!® This agrees with our own 
approximation of error involved. 

The term “effective half life’ in the dosage 
formula above is used to express the deviation 
from the physical half life of eight days which 
results from the gradual loss of radioiodine from 
the gland as hormone secretion. If this elimina- 
tion or secretion did not occur, the isotope would 
remain in the gland for total decay, delivering 
its radiation at a rate determined by its eight 
day half-life. Actually. half the original amount 
of isotope taken up by the gland is found at 
between four and seven days, with an average 
age of six days. This shorter “‘effective half life”’ 
establishes the actual rate of radiation. This 
“effective half life’ has to be determined 
experimentally for each individual patient by 
making weekly measurements of thyroid gland 
radioiodine content and plotting the disappear- 
ance rate. 

The factor 160 in the formula is the calculated 
radiation in equivalent roentgens when one 
microcurie of I!*! remains in 1 Gm. of tissue for 
total decay. This number depends on the disin- 


AMERICAN JOURNAL OF MEDICINE 


z 


Radioactive Iodine Therapy of Hyperthyroidism— Werner et al. 


tegration scheme of the isotope, the energy of 
the liberated radiations and their absorption 
coefficients in tissue.'* Thus the entire formula 
takes into account the number of microcuries 
deposited per Gm. of estimated gland tissue, 
and the “‘effective half life” as a correction factor 


to the theoretic dose calculated from the physical 
half life of the I!4!, 


The selection of cases for therapy was influ- 
enced by several factors. The diagnosis of toxic 
goiter was clear-cut and uncomplicated in all 
instances and was confirmed by repeated de- 
terminations of basal metabolic rate and of 
fasting serum cholesterol, and more recently by 
measurement of tracer uptake of radioiodine!” 
and of serum precipitable iodine.'? However, 
after January, 1948, an effort was made to select 
patients with large glands and high toxicity of 
hyperthyroidism. Primary unoperated toxic 
goiter and toxic goiter recurrent after operation 
were accepted for therapy but toxic nodular 
goiter was avoided. No patient was accepted for 


therapy under twenty-three years of age, except 
in two instances. 


CLINICAL DATA 


The patients in the present study are 
classified into two groups, those treated 
prior to January 1948 and those treated 
from then to February 1949. An analysis 
has been made of each group separately 
and of the combined experience. 

Series I. Patients Treated October, 1946, to 
January, 1948. ‘This series numbered forty 
patients. There were twelve men and 
twenty-eight women. Ages ranged from 
eighteen to sixty-three. I'wenty-four of the 
patients had unoperated primary toxic 
goiter; sixteen had a recurrence of toxicity 
after previous surgery. Protracted anti- 
thyroid drug therapy had been given with- 
out production of permanent remission to 
six Cases. 

The results of a single dose of 3 to 4 mc. 
[!3! are presented in Table 1. Approximately 
two of three patients responded to a single 
dose. ‘Two were operated because it was 
believed unwise to delay definitive treat- 
ment and the rest were treated a second 
time. Retreatment was given only if remis- 
sion was not observed at follow-up four 
months after the initial dose. Retreatment 
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brought the total number of remissions to 
thirty-three (84.6 per cent) with four more 
failures. One patient was lost to follow-up. 

Sertes II. Patients Treated Fanuary, 1948 to 
February, 1949. ‘This group numbered sixty- 
three patients. There were twelve men and 

TABLE I 
RESULTS OF TREATMENT OF TOXIC GOITER 


WITH RADIOIODINE 1!?! 
October 1, 1946—January 15, 1948 


Total number of patients....... 40 
Primary toxic goiter......... 24 
Per 
No. Cone 
ults after 1 dose only 
Hypothyroid.......... 0; 0.0 
Results after 1st and 2nd doses 
Lost to follow-up.................... 1 


fifty-one women. Ages ranged from seven- 
teen to sixty-eight. Forty-four of the patients 
had previously unoperated primary toxic 
goiter and nineteen had toxicity recurrent 
after surgery. Prophylthiouracil had been 
given over long periods without induction 
of permanent remission in thirteen cases. 
The results of a single dosage of 3 to 6.5 
mc. is shown in Table u, the size of dose 
given bearing a more or less direct relation 
to the size of the gland and toxicity of the 
disorder. Of the sixty-three patients in this 
group thirty-six were put into remission by 
a single treatment, one was believed too 
sick to warrant further uncertainty and was 
operated upon, two were lost to follow-up, 
three were made permanently hypothyroid 
and twenty-one were retreated. Retreat- 
ment was not given before three to four 
months following the initial dose. The 
dosage range for retreatment was the same 
as originally given, 3 to 6.5 mc., although 
in any given patient a smaller gland and 
decline in toxicity frequently permitted the 
use of smaller dosage than initially used. 
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The total brought into remission after one 
or two treatments was forty-eight (81.3 per 
cent). One more patient was now considered 
too ill to delay definitive therapy with 
surgery and no others were lost to follow-up. 
No additional patients were made hypo- 


TABLE 1 
RESULTS OF TREATMENT OF TOXIC GOITER 
January 15, 1948—May 15, 1949 
63 


Total number of patients... .. 
Primary toxic goiter....... 44 
Recurrent toxic goiter. .... 19 
Average BMR............. +40% 
Per 
Cent 
Results after 1 dose only 
Lost to follow-up.................... 2 
Results after 1st and 2nd doses 
Under observation................... 2 
(probable remission) 
Results after 1st, 2nd and 3rd doses 
Under observation................... 3 
(probable remission) 
Lost to follow-up.................... 2 
Euthyroid and hypothyroid............. 56 | 96.5 


thyroid. A third treatment with 3 to 6.5 mc. 
was given to the five patients still toxic, 
again not until at least three or four months 
had passed from the time of the second 
dosage. Following this final effort the final 
number of cases in remission was fifty-two 
(89.6 per cent); four (6.9 per cent) hypo- 
thyroid, and in all, two (3.4 per cent) 
failures. Thus, about 95 per cent of the 
patients in this group were relieved of 
toxicity. 

Total Series. A summary of the total 
experience is shown in Table m1. There were 
103 cases. Twenty-four were men and 
seventy-nine were women. Ages ranged 
from seventeen to sixty-eight. Sixty-eight 
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represent primary toxic goiter; thirty-five 
had toxicity recurrent after surgery. The 
basal metabolic rate ranged from +12 to 
+76 per cent, with well over 85 per cent of 
the values higher than +20 per cent. The 
figures for treatment with an initial dose of 


TABLE II 
RESULTS OF TREATMENT OF TOXIC GOITER 
October 1, 1946—May 15, 1948 


Total number of patients... .. 103 
Primary toxic goiter....... 68 
Recurrent toxic goiter. .... 35 
Per 
Cent 
Results after 1—3 treatments 
Euthyroid and hypothyroid........... 89 | 91.7 
Under observation...................] 3 
Lost to follow-up.................... 3 


between 3 to 6.5 mc. show sixty-five (61.3 » 
per cent) remission, three (3 per cent) 
hypothyroids, three (3 per cent) failures and 
three lost to follow-up. The results of the 
second and third doses are shown in Table 
11. The cumulative effect of the treatments 
show eighty-five (87.6 per cent) in remis- 
sion, four (4.1 per cent) hypothyroid, eight 
(8.2 per cent) failures and three lost to 
follow-up. Three patients are still under 
observation. The total relieved of hyper- 
thyroidism and either euthyroid or hypo- 
thyroid is eighty-nine (91.7 per cent). 


Analysis of Results from an Initial Dose of I'** 


Series I. An analysis of the failures in 
this group has been reported before.** 
Large glands inevitably receive less radia- 
tion than small ones when a constant 
dosage of I'*! is used. The results in this 
group suggested that dosages of 100/200 
uc/estimated Gm. gland of tissue and a 
radiation greater than 5,000 e.r. gave the 
best insurance of success. Gland size was 
noted to have returned to normal in almost 
every instance of successful therapy but 
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enlargement generally persisted in the case 
of failure. | 

Series II. This group was treated with 
varying dosage in an attempt to provide 
100-200 yc. per estimated Gm. of tissue and 
thus approximate 5,000 e.r. as suggested by 


TOXIC GOITER 
SATISFACTORY RESPONSE TO FIRST TREATMENT WITH (3! 
BASAL METABOLIC RATE 


Fic. 1. Graph showing basal metabolic rate and gland 
size before I!*! therapy and total radiation received 
in patients entering remission after a single treatment. 


the analysis of results from Series 1. A limit 


of 6.5 mc. was set, however, despite gland 
size (see ‘‘Methods’’). 


TABLE Iv 
TABLE OF DOSAGE RANGE TREATMENTS 
SINCE JANUARY 15, 1948 


Dose Remission Failure 
6.5 me. 0 1 
6.0 6 1 
5.5 7 2 
5.0 18 5 
4.5 9 2 
4.0 9 13 
3.5 7 1 
3.0 3 3 


The successful and unsuccessful results of 
a single dose of I'*! in this second series have 
been correlated with the dosage per esti- 
mated Gm. of gland tissue and with the 
radiation ‘received by the entire thyroid. 
(Tables rv to vi; Figs. 1 and 2.) It is readily 
seen that the initial goal of dosage was only 
roughly achieved and that an even wider 
range of radiation resulted. The variability 
in gland uptake and in “‘effective”’ half life 
accounts for much of the latter. It is evident 
that there is no great difference in the 
dosage per estimated Gm. of gland or radia- 
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tion received between those patients brought 
into remission or those representing failure 
of treatment. 

Gland size almost uniformly returned to 
normal with remission and not with failure. 
However, gland size was not entirely re- 
duced in 8 per cent of successfully treated 
patients. 


GOITER 
| UNSATISFACTORY RESPONSE TO FIRST TREATMENT WITH I-13) 


Fic. 2. Graph showing basal metabolic rate and 
gland size before I'*! therapy and total radiation 
received in patients not entering remission after a 
single treatment. 


TABLE Vv 
TABLE OF DOSAGE PER ESTIMATED GM. OF GLAND WEIGHT 
TREATMENTS SINCE JANUARY 15, 1948 


Dose/ Failure 
300-349 1 0 
250-299 3 1 
200-249 4 1 
150-199 5 4 
100-149 22 6 
50- 99 22 16 
0- 49 1 1 
TABLE VI 


TABLE OF EQUIVALENT ROENTGENS 
TREATMENTS SINCE JANUARY 15, 1948 


E.R. Remission Failure 


3 
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Complications after I‘?! Therapy 


The incidence of major complications 
following I'*! therapy in the series of pa- 
tients treated since January, 1948, is shown 
in Table vu. 

Hypothyroidism. No critical level of dos- 
age was found at which hypothyroidism 

TABLE 


TABLE SHOWING INCIDENCE OF MAJOR COMPLICATIONS 
FOLLOWING I'3! TREATMENT, SINCE JANUARY 15, 1948 


Hypothyroidism 
Diplopia and orbital edema.......... 2 
Heart failure after therapy........... 1 


could be avoided and remission of toxicity 
insured. Permanent hypothyroidism oc- 
curred at 11,800, 8,200, 7,700, 2,690 er. 
and with 230, 110, 65, 35 wc/estimated Gm. 
of gland tissue. Hypothyroidism, clinically 
evident and with appropriate laboratory 
findings, occurred transiently about the 
third month after therapy and cleared by 
the fourth month or so in seven patients 
given a wide range of dosage and of radia- 
tion. However, one patient still hypothy- 
roid six months after I'*! dosage was given 
thyroid orally for the next six months and 
was found to have regained normal thyroid 
function upon stopping thyroid medication. 
Thyroiditis. "Tenderness and pain over 
the thyroid in the first few weeks after 
therapy occurred in three instances. How- 
ever, a very firm feel to the gland may be 
noted in most instances one month after 
therapy, giving way to a softer consistency 
as the gland decreases in size. It becomes 
normal in consistency usually by four 
months after therapy, if still palpable. 
Tracheitis and Laryngitis. Cough and 
hoarseness of the voice was noted in the first 
series of cases but not in the second group. 
The reason for this discrepancy is not clear. 
Parathyroid Tetany. No instance of injury 
to the parathyroids was noted, clinically. 
Exophthalmos. Care was taken to avoid 
cases suggestive of thyrotrophic, malignant, 
ophthalmoplegic exophthalmos. Significant 
advance in exophthalmos was observed in 
only two instances and occurred by the 
first month after therapy. It was associated 
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with diplopia and mild chemosis. Treat- 
ment with desiccated thyroid was instituted 
in each instance with arrest of the eye 
changes, if not actual improvement, al- 
though whether this was coincidental or 
was Cause and effect is not apparent. 

Transient Exacerbation of Toxicity. A flare- 
up in toxicity, exactly similar to that seen 
after x-ray therapy, has been observed. ‘The 
serum precipitable iodine was studied!*!® 
and could be shown to rise concurrent with 
this exacerbation of hyperthyroidism. 

Heart Failure. ‘The appearance of heart 
failure as a result of flare-up of toxicity has 
not been observed. However, one patient 
developed heart failure during the first 
eight months of unsuccessful dosage but — 
refused surgery and was finally controlled 
by a third dose of I'*!. Two patients with 
heart failure have been treated successfully 
with 


COMMENT AND CONCLUSIONS 


It is clear that internal radiation with I'*! 
offers a simple, highly effective method of 
treating toxic goiter. The results have been 
consistently good in all series so far re- 
ported® 1520-24 and enough patients have 
been treated to permit a sound appraisal. 
I'3! therapy has one great advantage over 
surgery. It avoids the severe complications 
which occasionally result from operation, 
such as recurrent laryngeal nerve injury 
and tetany. It has the disadvantage that an 
average of six to eight weeks may elapse 
from the time of treatment until remission 
is induced during which time the patient 
continues to be toxic. Also, an initial dosage 
does not insure a greater than two in three 
chance of remission. Thus, a second or third 
treatment may be necessary, each time with 
several more months of persistent toxicity 
although this generally becomes progres- 
sively milder with each dose. These objec- 
tions to I!*! therapy are, however, relatively 
minor. Most patients would undoubtedly be 
treated in this way were there not another 
and major obstacle to its general applica- 
tion. It is feared by some that later malig- 
nancy may be induced in the thyroid as a 
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result of the effects of a radioactive agent. 
It has been shown by radioautography”® 
that there is an irregular collection of the 
isotope within the thyroid gland following 
administration. This has suggested that 
some cells may receive disproportionate and 
undue radiation during radioiodine therapy. 
This uneven radiation, it is held, makes it 
likely that malignant degeneration in the 
gland may appear fifteen to twenty years 
hence. 

On the other hand, such malignant 
change has not apparently been noted 
following this interval after external radia- 
tion therapy of the gland by x-rays.?® More- 
over, aS pointed out by Dr. Robley Evans,?’ 
it is generally a chronic radiation of low 
intensity which is associated with the de- 
velopment of later malignant change and 
not the brief and much more intense radia- 
tion provided by I'!. Despite these argu- 
ments in favor of and against the likelihood 
of later malignancy following I'*! therapy, 
the issue has not been settled and remains 
conjectural. One approach to the problem 
has been to limit treatment of uncom- 
plicated toxic goiter, with I'*! to patients in 
the older age groups, forty-five years or 
over.”* Survival much beyond twenty years 
is unlikely and hence the seriousness of 
later cancer formation is greatly minimized. 
This program allows for continued experi- 
ence with the isotope and permits definitive 
therapy of the complicated case, such as 
the cardiac in whom surgery is inadvisable. 
However, rigid restriction to the age limit 
of forty-five is probably inadvisable. The 
younger patient who refuses surgery, or is 
not suitable for it and who is not brought 
into remission by external radiation or 
chronic therapy with antithyroid drugs 
probably should be given the benefit of I'*! 
since this method will almost certainly in- 
duce remission. On the other hand, the 
adolescent age group and younger, i.e., 
from about age twenty, probably should 
not be treated under any circumstance in 
the present state of knowledge. 

The above discussion holds for primary, 
previously unoperated toxic goiter. The 
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problem of radioiodine therapy for toxic 
goiter recurrent after operation is different. 
Here, unlike the situation with primary 
hyperthyroidism, a marked superiority of 
therapy with I'*! over surgery has been 
demonstrated. Moreover, the other methods 
of treating primary goiter are found to be 
far less effective in the instance of recurrent 
hyperthyroidism than they are in the previ- 
ously unoperated disease. Thus recurrent 
toxic goiter probably should be treated by 
preference with since its greater efficacy 
would appear to outweigh the theoretic 
objections to its use. 

To establish this point a rough compari- 
son of the results after I'*! with those after 
other modalities is presented. Radioiodine 
apparently produces the same 90 per cent 
ultimate remission rate in recurrent toxic 
goiter as it does in primary hyperthyroidism. 
This plus a 7 per cent incidence of hypo- 
thyroidism makes a total of 97 per cent of 
hyperthyroid patients relieved of toxicity, 
whether recurrent or not. A second surgical 
procedure on the other hand, once toxicity 
has recurred, is generally conceded to be 
only about 50 per cent effective, while a 


third operation is perhaps even less effec- 


tive.?® This is apart from the sharply in- 
creased technical difficulty of reoperation 
and the added risk of serious complications 
such as injury to the recurrent laryngeal 
nerve and parathyroid glands, and other 
well recognized complications. 

The reports concerning external radiation 
with x-ray have not been specifically 
analyzed for its effectiveness in recurrent 
toxic goiter. However, everyday experience 
indicates that the efficacy of the method in 
recurrent goiter is not better than the 60 to 
80 per cent remission rate achieved in 
primary unoperated toxic goiter?**° and 
appears to be even less. Protracted therapy 
with antithyroid drugs is surprisingly inef- 
fective in recurrent toxic goiter and is 
considerably less than the 40 to 60 per cent 
remission rate generally obtained in the 
previously unoperated group. 

There is no apparent dividing line in 
amount of administered dosage, dosage per 


= 
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estimated Gm. of gland weight, or radiation 
received by the gland which distinguishes 
successful therapy from failure. There is 
considerable overlap in the distribution 
curves of all these factors for those patients 
entering remission and those failing to do so. 
It is nevertheless a fair generalization that 
patients with high toxicity and large glands 
usually require larger initial as well as total 
dosage than do those with lesser toxicity 
and smaller glands. Similarly the amount 
of dosage and of radiation which will pre- 
vent hypothyroidism cannot be defined. 

What the factors are which condition 
gland tissue responsiveness to internal 
radiation have not been completely elabo- 
rated. Presumably vascularity and distribu- 
tion of colloid play an important role. The 
over-all result after such therapy is gland 
shrinkage and subsequent fibrosis although 
this may be surprisingly little for the first 
year after treatment. ** 

Since the efficacy of I'*! therapeutically 
is dependent upon an adequate uptake of 
the isotope by the thyroid, agents blocking 
such uptake must be avoided. Thus ante- 
cedent stable iodine whether administered 
as sodium iodide or Lugol’s solution or as 
an organic iodine compound during intra- 
venous pyelography or with gallbladder dye 
will block iodine uptake.!* In general, two 
weeks without stable iodine after brief 
periods of such therapy, or four weeks 
following more prolonged administration, 
will suffice to permit I'*! to be given success- 
fully. Similarly, preceding antithyroid drug 
administration will block I!*! uptake.” This 
effect may wear off in one to four days but 
may require several months before uptake 
again becomes sufficient to permit treat- 
ment with the isotope. 

The incidence of malignant thyrotrophic 
exophthalmos after I'*! therapy deserves 
mention. This complication has been seen 
at the Presbyterian Hospital following 
chronic treatment with antithyroid drugs 
and is well known after surgery. It is ap- 
parently not a particular hazard of external 
radiation therapy although eye changes 
have been noted after the use of I'*!, both 
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in the present series and elsewhere.** ‘These 
changes have been relatively mild in the 
present experience and became arrested 
before much advance occurred. This halt 
in progression was associated with the 
administration of thyroid but may have 
been spontaneous. Since all modalities of 
treatment for toxic goiter entail the risk of 
subsequent malignant exophthalmos, except 
possibly x-radiation, there is no particular 
choice between the other methods and I'*! 
in this respect, at least according to present 
information. However, definitive therapy 
for the hyperthyroid aspect of the syndrome 
probably should be avoided where malig- 
nant exophthalmos appears a likely after- 
math, unless relief of toxicity becomes 
absolutely necessary. If I'*! then should be 
employed, smaller dosage than usual is 
probably advisable. ‘This may avoid too 
sharp and rapid a reduction of circulating 
thyroid hormone, with consequent release 
of excess thyrotrophin by the anterior 
pituitary, a possible cause for worsening of 
malignant exophthalmos according to the 
pituitary concept of pathogenesis. 

The treatment of toxic nodular goiter 
with I'*! has been avoided in the present 
series, with one or two exceptions. The 
incidence of complicating malignancy in a 
nodular goiter with hyperthyroidism is 
extremely low. Nevertheless, a nodule repre- 
sents a complication of hyperthyroidism 
and therefore surgery would seem to be the 
treatment of choice. Crile has found this 
type of goiter to be unusually resistant to 
[}31, requiring unusually high dosages of the 
isotope to establish remission. ** 

Finally, the transient flare-up in toxicity 
which may follow I'*! therapy deserves note. 
This is a real increase in hyperthyroidism 
and is associated with a rise in serum pre- 
cipitable iodine titer. As a consequence, 
there exist the possibilities of cardiac failure 
and of the onset of arrhythmia. These should 
be watched for. Also there is a definite 
awareness by the patient of the exaggerated 
toxicity and increasing anxiety becomes ap- 
parent. Warning of the possibility of this 
event may help a little in tiding the patient 
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over this period. Studies are now in progress 
to establish whether stable iodine or anti- 
thyroid drug administered subsequent to 
I'*! therapy may not avoid this complica- 
tion without at the same time interfering 
with the efficacy of the isotope. 


SUMMARY 


1. The results of I'*! therapy for toxic 
goiter are presented. One hundred three 
patients were treated with dosage between 
3 to 6.5 mc. 

2. The method used and the calculation 
of radiation are outlined. 

3. The results are analyzed in terms of 
number of treatments, total dosage per 
treatment, dosage per estimated Gm. of 
thyroid tissue and radiation received by 
the gland. About 92 per cent of all the 
patients were relieved of hyperthyroidism; 
about 97 per cent in those treated more 
recently. 

4. The use of radioiodine therapy in 
primary previously unoperated goiter should 
be restricted in general to the older age 

ups. 

5. I'%1 is the method of choice in treating 
recurrent toxic goiter, when hyperthyroid- 
ism has reappeared after surgery. 

6. The important complications affecting 
I!3! therapy are discussed. 
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HIS report deals with observations 

on eight patients with rheumatoid 

arthritis who have been treated with 
adrenocorticotrophic hormone (ACTH). 
The dramatic symptomatic response of pa- 
tients with rheumatoid arthritis to the 
administration of ACTH described by 
Hench et al.' has been amply confirmed. 

An understanding of the mechanism of 
this response or, in fact, of the mechanism 
of the activity of rheumatoid arthritis has 
not yet been found. Before the advent of 
cortisone and ACTH for clinical usage any 
decrease in activity of rheumatoid arthritis, 
when it occurred, took place gradually. 
With ACTH, and as reported by Hench 
with cortisone,! a rapid and complete defer- 
vescence of activity takes place and activity 
usually returns when the medication is dis- 
continued. This type of response suggests 
that the primary cause of the disease may 
not be affected by the administration of 
cortisone or ACTH, the effects being only 
on those factors which constitute the reac- 
tion of the host to the mechanisms that 
initiate and sustain the disease. These 
secondary factors constitute what is vaguely 
termed ‘“‘activity”’ of the disease. Some of 
them are purely subjective, such as pain, 
easy fatiguability, lassitude and general 
malaise. Others are objective and capable 
of measurement, such as the inflammation 
of the joints, rapid erythrocyte sedimenta- 
tion rate, fever and anemia. 

Most of our studies to determine the 
mode of action of ACTH in rheumatoid 
arthritis gave negative results. The data are 
recorded to save repetition on the part of 


subsequent workers on this problem. A few 
possible leads as to the mechanism of action 
are presented but these require more ex- 
tensive study and confirmation. 


CLINICAL DATA 


Plan of Treatment. Eight patients with 
rheumatoid arthritis have been treated with 
ACTH. All received the hormone intra- 
muscularly in divided doses every six hours, 
save for one woman, aged sixty-two, who 
was treated for seventeen weeks. At the 
start this woman received 60 mg. a day. An 
attempt was made to discover the lowest 
dose capable of inducing remission. With 
5.0 mg. three times a day, pain and stiffness 
recurred. With 10 mg. twice a day she was 
relatively free of activity. She was maintained 
on 20 mg. a day in two doses for six weeks, 
then treatment was stopped for thirty-six 
hours when symptoms of muscle aches, 
stiffness and joint pains recurred; treatment 
with 25 mg. a day in two doses was then 
resumed. One man, aged thirty-nine, re- 
ceived ACTH for twenty-seven days. He 
remained in remission on the initial dose of 
60 mg. a day for six days. This was reduced 
to 40 mg. a day for eleven days, and then 
to 30 mg. a day for seven days. On dosages 
of 15 mg. a day for three days symptoms 
recurred in a mild form. The remainder of 
the patients were three men aged forty- 
three, forty-five and forty-nine, and three 
women, eighteen, thirty-four and forty. 
These patients received six to ten days of 
treatment with 40 mg. of ACTH daily, with 
an initial daily dose of 100 mg. Two of these 
patients received a second course of six and 


* From the Department of Medicine, Columbia University College of Physicians and Surgeons, and the Edward 
Daniels Faulkner Arthritis Clinic of the Presbyterian Hospital, New York, N. Y. Aided in part by a grant from the 
Masonic Foundation for Medical Research and Human Welfare. 
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seven days following a _ twenty-one-day 
interval without the hormone. The age of 
the patient, the duration of disease in each 
and the duration of ACTH treatment are 
shown in Table 1. 

Subjective Response. ‘The dramatic clinical 
response of the patient with rheumatoid 

TABLE I 


CLINICAL CHARACTERISTICS AND PLAN OF TREATMENT OF 
KIGHT PATIENTS WITH RHEUMATOID ARTHRITIS TREATED 


WITH ACTH 
Dura- 
tion of Aver 
Rheu- Other Duration age 
Patient | Sex | Age} matoid| Complicating of ACTH | Daily 
Arth- Diseases Treatment | Dose 
ritis (mg.) 
(yr.) 
W.O’T.| M | 45 12 | Amyloid 2 courses of; 40 
Hay fever 6 days 
P. F. F | 18 4 None 2 courses of| 40 
7 days 
M. G. F | 40 18 None 13 days 40 
A. A. M | 39 1 None 27 days 40 
M. M. F | 62 14 None 17 weeks | 20-25 
E. E. F | 34 17 None 6 days 40 
N. M. M | 43 2% | None 7 days 40 
G. McS. | M | 49 11 Ureteral calculus 7 days 40 
Bronchiectasis 


arthritis to the administration of ACTH has 
been confirmed with no exceptions. The 
improvement is rapid, as Hench! has stated, 
with relief of stiffness within twelve to 
twenty-four hours followed rapidly by a 
decrease in pain. The sedimentation rate 
fell markedly in all of our patients. We 
have been impressed with the rapid im- 
provement in all clinical aspects of the dis- 
order, joint inflammation and _ swelling, 
muscular stiffness and protective spasm, 
fever and tachycardia, but the most rapid 
change has been in the skeletal muscle 
component. In all patients studied the relief 
of stiffness after inactivity—notably on aris- 
ing in the morning—has been noteworthy. 

In all but one patient, a return of activity 
occurred promptly when the medication 
was discontinued. The exception was in a 
woman whose euphoria developed into a 
mania which persisted for eleven days after 
ACTH was discontinued and was termi- 
nated by electroshock therapy. Twenty-five 
days after ACTH was discontinued, joint 
pain was minimal although the erythrocyte 
sedimentation rate had risen slightly. The 
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relapse in the other cases was brisk and 
violent and appeared within twelve to 
twenty-four hours of discontinuance of the 
drug. For a period of four to ten days 
following cessation the arthritis was as 
severe as or worse than pretreatment. How- 
ever, following this violent relapse there 
was a period of return of well being during 
which some of the improvement gained 
during treatment was maintained. 
Subcutaneous Rheumatoid Nodules.. We have 
treated two patients who presented the 
typical subcutaneous nodules frequently 
seen in patients with rheumatoid arthritis. 
The nodules were juxta-articular below the 
olecranon process. One patient, M. M., 
had had. a nodule removed in October, 
1948, from the left forearm. This had the 
microscopic appearance of a typical rheu- 
matoid nodule.? On the right elbow a 
similar nodule was present which, when 
treatment with ACTH was started on May 
24th, was approximately the same size as 
that removed in October from the left. 
After two weeks of treatment the nodule 
on the right was felt to be smaller and 
apparently was fragmenting, as_ several 
smaller nodules could be felt. ‘These con- 
tinued to decrease in size and on June 29th, 
after thirty-five days of ACTH treatment 
during which the patient continued in re- 
mission, the nodule was removed with the 
olecranon bursa. The synovial surface of 
the bursa contained several projections 
which the surgeon thought were villi but 
on section these proved to be rheumatoid 
nodules with large central areas of fibrinoid 
necrosis surrounded by dense collagen in 
which were palisaded rows of large mono- 
nuclear elongated cells, similar histologically 
to the nodule removed before treatment 
with ACTH. In the area of collagen many 
thick-walled capillaries were seen and many 
fibroblasts and epithelial cells. Only oc- 
casional lymphocytes could be identified 
and these were less in number than in the 
first nodule removed before treatment. One 
other patient presented juxta-articular nod- 
ules on both elbows whichygrew much 
smaller on ten days’ treatment,with ACTH. 
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Flexion Contractures. It has been held 
that the flexion contractures which occur 
in a large number of patients with rheuma- 
toid arthritis result from two factors: (1) in- 
trinsic disease of the skeletal musculature 
and (2) a process secondary to muscle 
splinting of painful joints.* The more power- 
ful flexor groups overcome the weaker ex- 
tensors. In our experience, using slow-acting 
curare preparations, flexion contractures of 
recent origin may be overcome by depress- 
ing the myoneural junction.* With ACTH 
a similar but much more dramatic and less 
evanescent effect on flexion contractures 
was observed. Those of recent origin 
promptly returned to full extension. Those 
of longer duration (some five years) showed 
evidence of increasing extension. In these 
we have not continued treatment long 
enough as yet to state whether or not full 
extension may be regained but the results 
are definitely encouraging. Improvement 
was most marked in the flexion contractures, 
which apparently do not return as rapidly 
as does the symptomatic relapse or the 
laboratory relapse. 

Heart Size. Two of the eight patients 
have shown a definite increase in heart size 
while on treatment with ACTH. No signifi- 
cant increase could be detected in the other 
six. In one patient this increase was approxi- 
mately 2 cm. and was not modified by 
sodium restriction. The second patient 
showed an increase of 1.9 cm. in a six-day 
period of treatment with a weight gain of 
3.4 Kg. On a subsequent course of ACTH 
for six days with fairly rigid sodium restric- 
tion there was no weight gain, an increase 
in heart size of only 0.5 cm. occurred and 
there was no decrease in hematocrit. In 
the other patients sodium was not restricted 
and slight hemodilution, as measured by 
hematocrit, was noted in five of six patients 
studied. 


CHEMICAL CHANGES 


Sodium and Potassium. Changes in sodium 
and potassium excretion have been de- 
scribed following the administration of 
ACTH.** Balance studies were made in 
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one of our patients, A. A. This patient was 
maintained on a constant diet and twenty- 
four-hour urine sodium and potassium 
determinations were made, using the flame 
photometer. * With 60 mg. of ACTH daily 
there was marked retention of sodium and 
a minimal increase in potassium excretion. 
This was not mirrored in the serum sodium 
or potassium which changed relatively 
little but was associated with a weight gain 
of 3 Kg. When the ACTH was cut to 40 mg. 
per day, after six days at a dosage of 60 mg., 
there was a slight sodium diuresis and the 
gain in weight continued at a slower pace. 
However, the arthritis continued in remis- 
sion. After eleven days at a dosage of 40 mg. 
the dose was decreased to 30 mg. and there 
was a considerable sodium diuresis with a 
loss of 2.2 Kg. in weight, which reached 
the pretreatment level. The arthritis con- 
tinued in remission. After seven days at a 
dosage of 30 mg. the dose was reduced to 
15 mg. and there was a marked sodium 
diuresis with weight loss to 1 kilogram 
below pretreatment levels. ‘The arthritis was 
in partial but not complete remission al- 
though the erythrocyte sedimentation rate 
(ESR) remained low. After three days on 
a dosage of 15 mg. the drug was discon- 
tinued and in the next twenty-four hours 
there was a one-day diuresis of sodium 
followed by no further weight loss but with 
a very prompt return of symptoms, rise in 
ESR and fever. 

All eight patients with rheumatoid arth- 
ritis whom we have treated have gained 
weight temporarily on ACTH. This weight 
gain has been between 1 and 4 Kg. 

One patient developed a low serum 
potassium, 2.7 m.Eq./L. (pretreatment 4.4), 
after thirteen days on ACTH. Subsequently, 
after sixty days’ treatment at a dosage of 
25 mg. the serum potassium remained at 
about 3.7 to 3.9 m.Eq./L. while ingesting 
1.8 Gm. of potassium chloride in addition 
to her diet. There were no symptoms associ- 
ated with the low potassium level. The 
serum sodium concentration varied con- 


*We are indebted to Dr. Kermit Pines for these 
determinations. 
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siderably and did not mirror weight changes After treatment was discontinued there was 
or hemodilution. a slight fall. In the other patient there was 

Uric Acid Excretion. An increased excre- apparently a definite but small rise in uric 
tion of uric acid has been described follow- —_acid excretion which decreased when medi- 
ing the administration of ACTH.**® We _ cation was stopped temporarily and then 


have followed urinary uric acid in two _ rose again when ACTH was resumed. 
2000 


+ 
NI 


Fic. 1. Patient M. M., urine uric acid excretion. Uric acid—mg. per twenty-four hours; ACTH—mg. 


per twenty-four hours. 


Uric Acid 600 TTL 


Fic. 2. Patient A. A., urine uric acid and ie il excretion; patient on a constant diet. Uric nba, 
per twenty-four hours; nitrogen—gm. per twenty-four hours; ACTH—mg. per twenty-four hours. 


patients. (Figs. 1 and 2.) In one, fever in the Urine Nitrogen Excretion. An increase in 
control period may have masked any sig- _ urine nitrogen excretion has been described 
nificant rise during the period of treatment. following the administration of ACTH.*® 
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This was followed in one patient on a con- 
stant diet (Fig. 2). There was a small in- 
crease in nitrogen excretion during the 
initial phase but this fell to control levels 
when the dose was decreased although 
clinical and laboratory remission continued. 
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turned to approximately pretreatment levels 

in two patients studied within three weeks. 
Serum Proteins. ‘The protein changes de- 

scribed by Hench! have been confirmed. 


There is a rapid fall in ESR in all patients. 


In one patient with concurrent amyloidosis 


Weisht 


of } = 


| 22 


Fic. 3. Patient M. M., creatine excretion. Creatine and creatinine—mg. per twenty- 
four hours; weight—kg.; ESR—mm. per hour (Westergren); ACTH—mg. per 
twenty-four hours; tryptic inhibitor—see Table nu. 


Creatinuria. An increase in creatinuria 
following the administration of ACTH toa 
normal subject has been described.® In two 


patients studied there was a large outpour-. 


ing of creatine (Figs. 3 and 4) at one time 
during the treatment period. This increased 
creatinuria did not continue, however, 
throughout the period of treatment with 
its attendant remission. 

Serum Inorganic Phosphorus. ‘This was fol- 
lowed in all patients. At some time during 
treatment with ACTH there was a definite 
drop in serum inorganic phosphorus in six 
of the eight patients. (Table 1.) This re- 
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this did not reach normal levels after treat- 
ment for a week. (Table m.) In another 
patient treated for six days the fall was not 
to normal. In all others normal levels were 
reached within a week. In all who have now 
been followed after treatment was discon- 
tinued the ESR returned promptly to levels 
at or above pretreatment levels. This rise 
occurred promptly, with some rise becoming 
manifest usually within forty-eight hours 
after medication was discontinued. In 
three patients followed after ten to thirty 
days’ treatment there was a fall in total 
serum globulin and in euglobulin. Changes 
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Inhibitor 
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Creatine 
500 
0 
1500 
1000 
Creatinine 
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in serum albumin were less consistent. The 
cephalin-flocculation test was positive in 
one patient and this became negative with 
treatment. (Table 11.) 

Tryptic inhibitor levels of the serum were 
followed using the method of Britten and 
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changed to doubtful, in the patient, M. G., 
who developed acute mania. (Table m1.) 
The sensitized sheep cell agglutination has 
shown a similar variability in titer with 
some diminution on treatment and a return 
to higher titers on discontinuation of treat- 


Creatine 


Weignt 


5 


Fic. 4. Patient A. A., creatine excretion; same as Figure 3. 


Clark.’° These were above the normal range 
in the control period in all and fell appre- 
ciably in all during treatment, to return 
promptly when treatment was discontinued 
to levels at or above those seen in the control 
period (Table 1.) The significance of this 
reaction is not known. 

Immunologic Changes. Approximately 50 
per cent of patients with rheumatoid arth- 
ritis have in their serum an agglutinin for 
group A hemolytic streptococci’! and about 
60 to 70 per cent have an agglutinin for 
sensitized sheep cells.!2 These two anti- 
bodies were followed in all patients. There 
was some variability in the titer of the group 
A streptococcus agglutination but the reac- 
tion remained positive in all but one in- 
stance in which a positive agglutination 


ment. (Table m.) Again, only one of eight 
patients showed a fall from the rheumatoid 
range to the normal range. This patient, 
M. G., had only a weakly positive titer in 
the control period and the fall was only of 
one tube. On subsequent examination, 
while still on ACTH, the titer was at the 
pretreatment level. Since treatment was 
maintained in one patient for ten weeks 
and in another for four weeks, and since 
other changes in serum proteins reverted 
toward normal and these agglutinins per- 
sisted, it is possible that these antibodies 
may represent an integral part of the disease 
and may not be secondary reactions to a 
chronic granulomatous process. It is also 
possible that for reasons unknown the 
reversion to normal of these serologic reac- 
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tions may be delayed and not take place 
during the period of treatment we have 
employed. 

One patient also had an elevated anti- 
streptolysin-O titer. This failed to change 
significantly during twenty-seven days of 
treatment. 


TABLE 1 
HEMATOCRIT, PROTEIN AND PHOSPHORUS CHANGES 
Proteins 
Patient |*/13| 3/15] 351 § | 48 
W. O’T. | 1/31.3/60.6| 3.9) 5.0) 1.6) 145 0 2.2 3.5 
2|27 .5|63.9} 3.9 0.8) 90 0 1.8 3.0 
P. F. 1/45.3)59.0) 44 4.9 
...] ... 20 1.2 3.4 
M. G. ...] ... 67 1.6 5.2 
... 5 1.2 2.2 
A. A. 1}..../68.0) 4.4) 2.3) 0.5} 57 2.6 5.3 
2|....|72.3) 4.4) 1.7) 4 1.4 3.3 
M. M. 1}....{58.1} 3.6) 2.1] 0 31 ++ 2.0 3.6 
2|..../61.4) 4.1] 1.7) O 3 0 1.2 2.4 
E. E. 1)31.6)42.3) ... 96 ++ 3.2 
.5/43.8 50 + 3.4 
N. M. las 76 3.8 
2|40.7|72.7) . 20 4.1 
G. McS. 1/40.1/59.4) . 45 0 3.8 
.4/60.3) . 14 2.8 


* 1, Control; 2, during treatment. : 

7 mg. equivalent to crystalline soya bean inhibitor when equal 
crystalline soya bean inhibitor and crystalline trypsin 

Cholesterol Partitions. ‘These were carried 
out in seven patients. There is apparently a 
wide variation in the serum cholesterol of 
patients with rheumatoid arthritis treated 
with ACTH. In five of the patients the 
period on ACTH was relatively uneventful 
and in four of these there was a rise in 
cholesterol, both free and esterified. (Table 
Iv.) There was no change in the fifth 
patient. One patient whose euphoria ended 
in a hypomanic or manic state showed a 
marked drop in total cholesterol with the 
percentage of esterified cholesterol falling 
3 per cent. One patient had an attack of 
ureteral colic due to stone during the treat- 
ment period which inconvenienced him for 
a period of two days and this patient showed 
a drop in total cholesterol, again with the 
percentage of esterified cholesterol falling 
4 per cent. The significance of these changes 
is not clear. 
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Glucose Metabolism. Changes in carbo- 
hydrate metabolism following the adminis- 
tration of ACTH have been observed.*’ 
Frequent fasting blood-sugar determinations 
were made during the treatment period in 
two patients who received ACTH for rela- 
tively long periods. Both of these patients 


TABLE 
IMMUNOLOGIC CHANGES 
Streptococcus 
Agglutination Sensitized 
: * Sheep Cell 
Agglutina- 
Highest | First tion 
seine Titer | Tube 
W. O’T.| 1 | negative 0 0 16 
2 | negative mm! 0 32 
P. F. 1 | positive 1/640 | ++ 64 
2 | positive 1/640 | ++ 32 
M. G. 1 | positive 1/640 | ++ 16 
2 | doubtful 1/160 | ++ 32 
A. A. 1 | positive 1/320 | ++ 512 
2 | positive 1/160 | ++ 32 
M.M. | 1 | positive 1/320 | ++ 512 
2 | positive 1/320 | ++ 64 
E. E. 1 | positive 1/320 | ++ 256 
2 | positive 1/320 | ++ 1024 
N. M. 1 | positive 1/640 | ++ 32 
2 | positive 1/640 | ++ 16 
G. McS.} 1 | doubtful 1/80 ++ 128 
2 | doubtful 1/80 ++ 64 


* 1, Control; 2, during treatment. 


given 60 mg. of ACTH daily showed a 
slight elevation in fasting blood sugar, from 
85 to 120 mg. per cent. However, when the 
dose was lowered to 40 mg. a day, while 
the remission of the arthritis persisted the 
fasting blood-sugar levels approached those 
seen in the control period. Neither of these 
patients showed a significant glycosuria. In 
none of the other patients did a definite 
glycosuria appear. No sugar tolerance 
studies were carried out. 

Excretion of Glucuronic Acid and Gentisic 
Acid. With salicylate ingestion there is a 
prompt rise in urine glucuronic acid!* and 
in an ether-soluble chromogen believed to 
be gentisic acid.!* Two patients receiving 
ACTH were followed for glucuronic acid 
and gentisic acid excretion. ‘There was no 
increase in either. Thus two of the chemical 


748 Effects of ACTH on Rheumatoid Arthritis—Ragan et al. 


accompaniments of salicylate ingestion were 
not seen following the administration of 
ACTH. 

Mental Changes. In all these patients 
there was some degree of the “‘euphoria”’ 
described by Hench.! It is to be noted that 


TABLE IV 
CHOLESTEROL PARTITIONS 


Cholesterol—Mg. Per Cent 
Ester— 
Patient Per Cent 
Total Free Ester 
W.O’T. | 1 173 52 121 70 
2 204 66 138 68 
P. F. 1 158 45 113 72 
2 178 49 129 73 
M. G. 1 171 46 125 73 
2 138 42 96 70 
M. M. 1 195 47 148 76 
2 206 57 149 72 
E. E. 1 178 49 129 74 
2 172 46 126 73 
N. M. 1 204 58 146 72 
2 229 66 163 71 
G. McS. | 1 260 76 184 71 
2 199 65 134 67 


* 1, Control; 2, during treatment. 


in two of our patients on the second course 
of treatment with a similarly dramatic re- 
mission there was less of this euphoria. 
However, a constant finding has been a 
subjective sense of mental alertness, most 
marked at night. The patients state that 
they keep thinking and are unable to sleep. 
One patient was subjected to psychometric 
tests during treatment and after it was dis- 
continued. No appreciable difference could 
be elicited. Electroencephalograms have 
been done in all.* During treatment there 
appears, at variable times, an abnormal 
EEG pattern manifested by the appearance 
of increasing amounts of slow (5/second) 
activity. This appeared in six of the eight 
patients and disappeared when the medica- 
tion was discontinued. 

Evidences of Hyperadrenalism. Hench! has 
described the moon facies, striae; amenor- 
rhea, hirsutism and acne appearing in 


* We wish to thank Dr. Paul Hoefer for performing 
these for us. These results will be reported in detail in a 


subsequent paper. 


patients treated with cortisone and ACTH. 
In almost every one of our patients, upon 
careful search, some evidence of hyper- 
adrenalism could be detected associated 
with remission of the arthritis. This was 
manifested either as moon facies, slightly 
increased uric acid excretion, slight changes 
in carbohydrate metabolism, retention of 
sodium or a lowered serum potassium 
concentration. 


COMMENTS 


These patients with rheumatoid arthritis 
were maintained in a state of remission on 
ACTH.* The arthritis was completely qui- 
escent and only irreversible changes in bones 
and joints remained in the relatively short 
periods of treatment employed. With the 
dosage schedule used for control of rheu- 
matoid arthritis there was minimal sodium 
retention, most readily detected by a sodium 
diuresis following withdrawal. Increase in 
nitrogen and uric acid excretion was mini- 
mal. Serum inorganic phosphorus may be 
temporarily decreased in some of the 
patients. A temporary but striking crea- 
tinuria appeared with treatment. The 
variability in serum cholesterol follows no 
pattern and needs more elucidation. 

Reversion of the various protein ab- 
normalities to normal under ACTH treat- 
ment and their return to pretreatment levels 
upon cessation, of treatment suggests that 
these are associated with “activity” of the 
disease resulting from the host response. 
Included in this group of disturbances are 
serum globulin, cephalin flocculation, ESR 
and tryptic inhibitor levels. Serologic find- 
ings characteristic of rheumatoid arthritis 
remained abnormal in all but one instance, 
at least for the duration of therapy we have 
used. The pathogenesis of these serologic 
changes is unknown but apparently these 
alone of the many clinical and laboratory 
findings described may persist for relatively 
long periods of remission induced by ACTH. 
It is consequently possible that these changes 


* We wish to thank Dr. John R. Mote, Medical 
Director of The Armour Laboratories, Armour & 
Company, for the supply of ACTH. 
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are associated with the primary disease 
process and may not be secondary to it. Be 
that as it may, it seems apparent that the 
underlying disturbance continues to be 
present in a patient with rheumatoid ar- 
thritis maintained on ACTH in complete 
objective and subjective remission. In our 
experience when the hormone was discon- 
tinued, prompt resumption of symptoms 
and laboratory and clinical signs took place 
in seven of eight patients. It is possible that, 
when sustained remissions follow ACTH 
therapy, a spontaneous remission such as is 
encountered in the natural history of the 
disease has taken place.*® 

It is of interest and perhaps of impor- 
tance that many patients in the course of 
improvement under treatment with ACTH 
or cortisone develop a variety of disturb- 
ances characteristic of hyperadrenalism. 
Thus Hench, as stated above, has described 
the development of moon facies, striae and 
mild hirsutism, etc., of Cushing’s syndrome. 
Similar changes have been observed by 
us. Sodium retention persisted on small 
amounts of ACTH. The patient maintained 
for seventeen weeks on ACTH developed 
the facies of Cushing’s disease. One patient 
with lupus erythematosus disseminatus, who 
had developed moon facies, died from 
pulmonary infarction after three weeks of 
treatment with ACTH. At postmortem ex- 
amination the adrenals were three times 
the normal size. A slight increase in uric 
acid excretion was found to be present 
during remission. It thus seems possible 
that in order to produce and maintain 
clinical remission with ACTH some meas- 
ure of hyperadrenalism must be induced. 

While the responses to ACTH cover a 
broad spectrum of metabolic changes, it is 
possible that the remission in rheumatoid 
arthritis reflects the effect of excessive 
amounts of adrenal steroid upon mesen- 
chymal tissue. Three patients have been 
observed who apparently formed granula- 
tion tissue poorly while being treated with 
ACTH. The first was a patient with 
dermatomyositis. A muscle biopsy wound 


produced the day before ACTH was started 


DECEMBER, 1949 


749 


required twelve days to heal while ACTH 
therapy was continued. A biopsy wound 
made the day before ACTH treatment was 
discontinued healed in four days. ‘There was 
only a moderate elevation of fasting blood 
sugar (71 to 90 mg. per cent) during treat- 
ment with ACTH. One patient with lupus 
erythematosus disseminatus (LED) devel- 
oped severe symptoms postpartum. An 
episiotomy wound made at the time of 
delivery failed to heal but profuse granula- 


tion tissue was seen in this wound at the 


time we first saw her twenty-five days after 
delivery. She developed a decubitus ulcer 
shortly after ACTH was started and up to 
the time of her death from pulmonary 
infarction after eighteen days on ACTH, 
very little granulation tissue appeared in 
this ulcer. It is to be noted that up to three 
days before death she was making excellent 
progress and the symptoms of LED were 
controlled. ‘The third patient was also one 
with LED. While under treatment with 
ACTH she developed a suppurative par- 
otitis and an abscess on her back. It was 
necessary to incise and drain both of these. 
While on ACTH little or no granulation 
tissue appeared in either wound. After 
twenty-eight days on ACTH she developed 
a full moon facies and abdominal striae; 
the symptoms of LED were apparently 
controlled. Within twenty-four hours after 
cessation of ACTH, symptoms of LED 
returned and four days after the hormone 
had been stopped, granulation tissue could 
be seen in the wounds. No significant 
hyperglycemia was noted during treatment 
with ACTH. As a corollary to these observa- 
tions may be cited the well recognized 
weakness of supporting tissues in Cushing’s 
syndrome. 

It has been postulated!® that rheumatoid 
arthritis is a disease in which the mesen- 
chymal tissues are overactive and thus it is 
possible that excessive amounts of adrenal 
steroids may depress the activity of the 
mesenchymal tissues and thereby depress 
the host responses which cause the “ac- | 
tivity’ of the disease. 


75° 
CONCLUSIONS 


1. There is a striking and prompt remis- 
sion of the symptoms of rheumatoid arthritis 
in patients treated with ACTH. 

2. Following cessation of therapy in 
seven of eight patients there was a prompt 
symptomatic relapse. 

3. Protein changes—serum globulin, 
ESR, cephalin flocculation and _ tryptic 
inhibitor levels—followed the symptomatic 
remission and relapse. 

4. Serologic changes—agglutination of 
group A hemolytic streptococci and sensi- 
tized sheep cell agglutination—changed 
with treatment much less than protein 
changes and in only one instance was the 
change significant. 

5. It seems possible that to produce a 
remission in rheumatoid arthritis some 
measure of hyperadrenalism must also be 
produced. 

6. Evidence is presented to suggest that 
with hyperadrenalism there is a depression 
of growth of certain mesenchymal tissues, 
chiefly granulation tissue. 

7. It is suggested but not established that 


the favorable response of the patient with 


rheumatoid arthritis to administration of 
ACTH is due to the production of hyper- 
adrenalism and a consequent suppression 
of the activity of mesenchymal tissue. 


We wish to thank the Misses E. Bidwell, G. 


Carleton, J. Nellenbogen, V. Pratt and K. 
Vislocky for technical assistance. 


REFERENCES 


1. Hencn, P. S., KENDALL, E. C., SLocums, C. H. and 
Pot.tey, H. F. The effect of a hormone of the 
adrenal cortex (17-hydroxy-11-dehydrocortico- 
sterone: compound E) and of pituitary adreno- 
corticotropic hormone on rheumatoid arthritis. 


10. 
. Boots, R. H., Lipman, M. O., Coss, J. A. Jr. and 


12. 


13. 


14. 


15. 


16. 


Effects of ACTH on Rheumatoid Arthritis—Ragan et al. 


Preliminary report. Proc. Staff Meet., Mayo Clin., 
24: 181, 1949. 


. Dawson, M. H. and Boots, R. H. Subcutaneous 


nodules in rheumatoid (chronic 
arthritis. 7. A. M. A., 95: 1894, 1930. 


infectious) 


. Dawson, M. H. and Racan, C. Chronic Arthritis. 


Nelson’s Loose-Leaf System of Medicine. Chap. 
m1, 1949. 


. SCHLESINGER, E. B. and Racawn, C. ‘‘Muscle spasm”’ 


in acute low back pain and similar syndromes. 
Am. Fj. Med., 1: 621, 1946. 


. Forsuam, P. H., THorn, G. W., Prunty, F. T. G. 


and Hits, A. G. Clinical studies with pituitary 
adrenocorticotropin. 7. Clin. Endocrinol., 8: 15, 
1948. 


. Mason, H. L., Power, M. H., Rynearson, E. H., 


CIARAMELLI, L. C., Li, C. H. and Evans, H. M. 
Results of administration of anterior pituitary 
adrenocorticotropic hormone to a normal human 
subject. 7. Clin. Endocrinol., 8: 61, 1948. 


. Conn, J. W., Louis, L. H. and Jonnston, M. W. 


Alleviation of experimental diabetes in men by 
administration of reduced glutathione (GSH): 
metabolic implication. Science, 109: 279, 1949. 


. Rosrnson, W. D., Conn, J. W., Block, W. D., Louts, 


L. H. and Katz, J. Role of the anterior pituitary 
and adrenal cortex in urate metabolism and in 
gout. Official Program, 7th International Con- 
gress on Rheumatic Diseases. New York, 1949. 


. ForsHam, P. H., Fiinx, E., Emerson, K. Jr. and 


TuHorn, G. W. Metabolic studies on Cushing’s 
syndrome. 7. Clin. Investigation, 28: 781, 1949. 
BRITTEN, R. C. and Crark, D. G. C. In press. 


Racan, C. Immunological reactions in rheuma- 

‘ toid arthritis. Official Program, 7th International 
Congress on Rheumatic Diseases. New York, 
1949. 

RosE, H. M., Racan, C., PEarcgE, E. and Lipman, 
M. O. Differential agglutination of normal and 
sensitized sheep erythrocytes by sera of patients 
with rheumatoid arthritis. Proc. Soc. Exper. Biol. & 
Med., 68: 1, 1948. 

Meyer, K. and Racawn, C. Hyaluronic acid and the 
rheumatic diseases. Mod. Concepts Cardiovas. Dis., 
17: 1948. 

Yt, T. F. and Gutman, A. B. Interference of gentisic 
acid in determination of urinary uric acid after 
administration of salicylates. Federation Proc., 8: 
1949. 

Racan, C. The general management of rheumatoid 
arthritis. 7. A. M. A., 141: 124, 1949. 

Racan, C. and Meyer, K. The hyaluronic acid of 
synovial fluid in rheumatoid arthritis. 7. Clin. 
Investigation, 28: 56, 1949. 


AMERICAN JOURNAL OF MEDICINE 


2 

6 


Some Technics for Recording the Ballisto- 
cardiogram Directly from the Body’ 


WiLu1aAM Dock, M.D. and FELIx TAUBMAN, M.D. 
Brooklyn, New York 


of motion imparted to the body by 
the motion of blood and the heart 
during each cardiac cycle, has been de- 
veloped as a research method by Starr? ® 
and others.**!° Though the method prom- 
ised to give information on the volume of 
blood ejected by the ventricles, it has been 
found unreliable under abnormal conditions 
since the amplitude of the waves depends 
on velocity rather than on volume alone. 
However, the curves are of value in detect- 
ing cardiac disease’”*’-® and coarctation 
of the aorta.”"*® 

All of the reported work has been done 
by having the subject on a table which is 
mounted on springs to damp its motion and 
recording movements optically or by an 
electrical detecting device and an amplify- 
ing circuit. The latter is controlled to give 
a centimeter deflection of the galvanometer 
record for a standard pressure applied to 
the table. The tables are bulky, fixed in- 
stallations and ballistocardiography today 
is in the same state that electrocardiography 
was prior to 1920. The instrument is precise 
and dependable but bulky, immovable and 
expensive. 

Since ballistocardiograms seem to be of 
more value as empirical clinical indices of 
disease than for precise physiologic measure- 
ment of function, it seemed desirable to 
develop methods for clinical use. This 
proved to be rather simple, and the acces- 
sories needed for inscribing ballistocardio- 
grams with standard electrocardiographic 
instruments are inexpensive and not par- 
ticularly bulky. Records can easily be made 
in the ward, office, operating room or: ‘the 
home. 


Fic. 1. Sphygmographic receiver (glycerine capsule) 
(a) mounted on head-board with counter weight (6). 
The axle (c) is 6 cm. wide and 1 cm. in diameter; the 
counterweight is 400 gm. The axle may be set either 
22 or 23.5 cm. from the base board; the receiver and 
counterweight are centered 15 cm. from the axle. 


APPARATUS AND TECHNIC 


Sphygmographic Method. We learn that several 
others had noted that a pressure recorder, ap- 
plied to the vertex of the head, gave ballisto- 
cardiographic curves; Hamilton® (Fig. 6) and 
Nickerson® (Fig. 4H) have published such 
records. We used the standard Cambridge 
Simplitrol pulse recording device and applied 
to the head either the glycerine capsule usually 
employed to pick up radial or femoral pulsa- 
tions, or a receiver made by mounting a cork 
button 3 cm. in diameter on a rubber membrane 
5 cm. in diameter. Either receiving device is 
mounted on a rigid arm 15 cm. long, extending 
vertically from an axle with another arm of 
equal length carrying a 400 Gm. counter weight 
at a 90 degree angle. This is mounted, as shown 
in Figure 1, so that the receiving capsule or 
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Fic. 2. Simultaneous sound, ECG and ballisto tracings 
made with Simplitrol. 
button is held, against the head with a uniform 
-and constant pressure. 

A leak in the tubing from receiving mem- 
brane to recording membrane is necessary to 
prevent wide respiratory swings and keep the 
record centered; if the leak is too large no record 
is inscribed. This leak is provided by a rubber 
tube on a Y-tube close to the recorder. It is 
closed with a screw clamp until release of pres- 
sure on the receiver causes a return of the 
shadow of the lever in 2 or 3 seconds. Another 
screw clamp, near this side tube but on the tube 
to the receiver, can be closed and gradually 
released until a normal subject gives oscillations 
of 2 cm. or more. This clamp acts as a low-pass 
filter and cuts out high frequency waves, either 
extraneous from muscle tremor, or harmonics 
set up in the recording system. Oscillations of 
frequencies below 20 per second are adequately 
recorded and the ballistocardiogram is faith- 
fully reproduced. Synchronous records of heart 
sounds, electrocardiograms and _ ballistocardio- 
grams are thus available (Fig. 2) to those who 
have this equipment. The time lag in the pulse 
recorder is 0.01 second while that in the electrical 
records is less than 0.001 second. 

New recording capsules may be stiff and give 
records of low amplitude; by putting them under 
stretch overnight they become sensitive. The 
glycerine capsules or rubber membranes age 
and must be replaced after some months of use. 
Patients who are kyphotic or orthopneic do not 


give good records; those with coarse head tremor _ 


can not be recorded at all. 


Photo-electric Method. If a piece of cardboard 
is firmly attached to the head and a shadow cast 
by its edge falls on the middle of a photocell, the 
electrical current recorded by the galvanometer 
varies with the motion of the body. When mo- 
tion in the long axis of the body is recorded, the 


6.V. 


Fic. 3. Photocell ballistocardiograph with hinged 
occulting strip. s, strip across-shins; B, hinge: c, strip 
casting shadow on cephalad half of the photocell, 
shielded by the hood. H, upper insert, Alnico magnet 
and coil in use as ballistocardiograph. 


curves are identical with those made with the 
pulse recorder on the vertex. We also recorded 
this motion from a rigid strip of metal placed 
across the shins, with the legs slightly abducted 
and the photocell below and light source above 
the strip. This is possible even in orthopneic 
patients, and tremor of the legs is less frequent 
than tremor of the head. At present we use an 
occulting edge mounted on a hinge so that it is 
at a fixed distance from the bulb, and we press 
the hinge against the strip across the shins or 
against the vertex of the skull. (Fig. 3.) 

We find the 890 photocell, hermetically sealed 
(Photovolt), gives excellent records when il- 
luminated by a 6 volt flashlight bulb (G. E. 31). 
It is necessary to use a condenser (16-24 mfd) in 
one lead to the string galvanometer or direct 
writer in order to filter out or reduce respiratory 
movement. No amplifier is needed and there is 
less than 0.005 of a second time lag. The records 
are standard and reproducible when the gal- 
vanometer is set to give 1 cm. per millivolt 
deflection, and the shadow edge falls on the 
same part of the photocell. 

The photocell and light bulb are mounted 
6 cm. apart, with the cell protected from outside 


light by a tapered shield 3.5 cm. high. The 


occulting strip is 2 to 4 mm. from the bulb, and 
the whole apparatus is pressed toward the strip 
across the shins until the shadow falls on a line 
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Fic. 4. Electromagnetic trace, lower, and photocell 
trace, simultaneous record from the shins. Note that 
changes in velocity (electromagnetic trace) occur 0.02 
to 0.06 second before change in position becomes ap- 
parent in records A and B made without a low pass 
filter, while the peaks and troughs are practically 
synchronous in record c inscribed with the filter, in 
this case 100 microfarads across the leads. 


marked on the light shield. Thus it falls on the 
same part of the cell at all times when tracings 
are being inscribed. The photocell terminals are 
connected with the arm leads of the ECG; by 
trial it is determined which arm lead should be 
attached to the condenser and which to the wire 
to the other pole of the cell to give an upward J 
wave. The terminals are then marked for right 
and left arm for all subsequent use. 

Electromagnetic Method. When a coil of fine 
copper wire is substituted for the occulting strip 
on the hinge shown in Figure 3, and an Alnico 
horse-shoe magnet is mounted in place of the 
photocell so that the coil moves in the strongest 
part of the field, a galvanometer attached to the 
coil inscribes a ballistocardiogram when the 
hinge presses upon the vertex or a strip across 
the shins. 

The relation of such curves to the photocell 

tracing is seen in Figure 4. The inflections pre- 
cede the photocell inflections by 0.03 to 0.06 
second, which is not surprizing as the velocity 
of body motion determines the voltage of the 
electromagnetic current, while displacement 
causes the photoelectric potential changes. The 
electromagnetic record picks up muscular tremor 
of high frequency, but this can be filtered out by 
putting a capacitance across the leads, and in- 
ductance in one lead on either side of the 
capacitance. This changes the wave phase, 
delaying the peaks by 0.02 to 0.06 second, so 
that they coincide with the photoelectric wave 
peaks. 
This is the simplest way to record the ballisto- 
cardiograph. It may be argued that it is better 
to record the velocity of bodily motion than the 
distance moved by the body; actually the curves 
are so much alike that the clinical significance 
is unchanged. Only experience in the clinic can 
decide which method most effectively detects 
abnormalities in motion of the blood. 
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Effect of Mattresses and Bed Casters. Records 
made with patients in ward beds show varying 
degrees of damping and distortion, as compared 
with those made on a fluoroscopic table or on 
any rigid, smooth surface. If the bed is on 
casters, the records may be greatly distorted. 


bos 


Fic. 5. Standard pendulum to deliver 200,000 dyne 
blow to the foot or shoulder. Arm, c, is placed against 
the shoulder p; pendulum 4 is released when in contact 
with upper arm B. 


To get accurate records of patients in bed it is 
essential that the bed be rigidly held, which can 
be done by putting a block under the cross bars 
at head or foot to lift the caster off the ground 
about }4 inch and by putting a plywood board 
18 by 32 inches under the patient’s trunk and 
buttocks. If the mattress is of rubber foam or 
rests on box springs, this board must be fastened 
to the frame of the bed by suitable rubber-jawed 
clamps. Vibrations due to people walking in the 
building or to passing trucks may be trouble- 
some in buildings with wooden beams and floors. 

Standardization. When records are made from 
the head, standardization is effected by record- 
ing the effect of blows on the foot produced by 
a pendulum moving through a constant arc. 
When records are made from the legs, the blow 
is delivered to the right shoulder close to the 
neck. We use a 220 Gm. padded lead weight on 
an arm 12 cm. long, the length of the swing 
being fixed by a horizontal rod which touches 


‘the shoulder and is just beneath the arc of the 


pendulum and another which fixes the height 
to which the pendulum can be raised on the 
opposite side. (Fig. 5.) A 200,000 dyne blow 
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Fic. 6. Sphygmographic trace (lower) and photoelectric 
trace recorded from cadaver when a blow of 200,000 
dynes was applied to the sole of the foot. Note progres- 
sive decrease in large oscillations, and the fine oscilla- 
tions when no damping is used in the sphygmographic 
system. The photoelectric cell was used at the shin, 
but its peaks follow the sphygmographic one because 
of delay in the amplifier used in this original method. 
No amplifier is needed with the 890 cell. 


gives a deflection of 8 to 10 mm. on subjects 
weighing 70 Kg. When using the direct writer 
the amplifier can be adjusted to give this deflec- 
tion on each subject. In practice we rarely use 
this except when following change in amplitude 
under therapy, and with the string galvanometer 
merely record a series of blows so that any 
variations in the recording system will be evident 
on the records. The tnherent frequency of the 
body is also evident from the after-waves. 


COMMENT 


When the foot or shoulder of a cadaver 
on a table is tapped, the whole body is dis- 
placed, sliding on the panniculus and re- 
turning by oscillations to the initial position. 
(Fig. 6.) Each after wave is 50 to 70 per cent 
as high as the preceding opposite wave, and 
the frequency depends on the weight of the 
cadaver, thickness of fat pads, tissue turgor 
and elasticity, etc. During life the recum- 
bent body is displaced by recoil from ac- 
celeration of the viscera and blood, or from 
their deceleration. Displacement is resisted 
and after-oscillations are set up by the pan- 
niculus since every displacement stretches 
pannicular fibers. 

Actual motion is a resultant of displacing 
and restoring forces, with after-waves some- 
times in phase and at others out of phase 
with subsequent displacing forces. The 
actual height of the waves set in motion by 
systole is dependent on velocity of cardiac 
ejection as much as on its volume, and 
except for the initial (presumably auricular) 
H wave, the height of each subsequent wave 
may, by chance, be augmented or dimin- 


ished by 60 per cent of the preceding wave, 
depending on the inherent frequency of the 
body. For this reason the stroke volume 
calculated from these waves varies from the 
true value in many normal subjects. At best 
one can conclude that large I and J waves 


indicate high velocity and probably large 


volumes of systolic ejection, small ones low 
velocity and probably small volumes of 
ejection. 

If the body could be suspended in space, 
without friction or periodicity of the system, 
a true ballistic record free of restoring forces 
would be inscribed and the body would 
move away with increasing velocity. In 
practice the body must rest on a surface and 
in the past all recording has been done from 
the table on which it rests. Since the table 
is rigidly held, the body continues to move 
and energy is converted to heat in the pan- 
niculus. If the table has a frequency of over 
10 per second, the curves inscribed are 
almost identical with those inscribed from 
the head or legs directly. Physiologically, 
there is no more reason for recording the 
motion of the body through the table than 
for recording cardiac action currents from 
a bath tub. In practice, direct recording is 
much more useful. As the physiologists have 
pointed out, the ballistocardiograph is of 
value chiefly for clinical purposes and the 
urgent problem is to determine the signifi- 
cance of altered patterns “in relation to 
disease and prognosis.’’*}? 


CLINICAL SIGNIFICANCE OF ALTERED 
BALLISTOCARDIOGRAPHIC PATTERNS 


In our own experience, patients with 
high cardiac output, even with heart failure, 
often have large I-J waves; those with low 
output or normal output may have very 
small waves, especially during expiration, 
if they are in failure, or even if they have 
angina of effort without congestive failure. 
Men under thirty-five who have recovered 
from myocardial infarction may show nor- 
mal curves but many older men have bizarre 
tracings as the first objective sign of coronary 
disease. Starr noted that this may precede 
subjective or objective evidence of heart 


AMERICAN JOURNAL OF MEDICINE 


Ballistocardiography—Dock, Taubman 755 


disease.*® In coarctation without failure the 
K wave is abruptly cut off at or above the 
base line.”*® After severe hemorrhage H 
waves are high; K waves disappear. In acute 
myocardial infarction low amplitude bizarre 
complexes repeatedly have preceded any 
change in the limb leads of the ECG, and 
in a few instances preceded the change in 
precordial leads. 

Of particular interest to us have been 
the waves in diastole. Large L waves have 
been encountered in acute rheumatic cardi- 
tis in children and adults; in normal 
children L waves tend to be more evident 
than in adults. In rheumatic carditis with 
mitral valve disease the L wave may be 
larger than J. Deep K waves occur in hyper- 
tension, with notched J waves and late K 
(or in reality, M) waves as failure sets in. 
There may be deep M waves with proto- 
diastolic gallop, and a deep wave may pre- 
cede the H wave in cases of presystolic 
gallop. The footward diastolic waves, in 
amplitude and steepness of contour, may 
exceed any wave due to ventricular ejection 
and aortic flow. Presumably they are due 
to deceleration of blood returning to the 
ventricles. The failing heart fills faster than 


it empties. As a rule gallop sounds occur 


with the deep diastolic waves but the waves 
may be evident before gallop is noted or 
persist after it has become inaudible as a 
result of therapy. 

It seems probable that the decrease in K 
waves in shock is due to splanchnic and 
renal vasoconstriction and vasoconstriction 
in the skin and muscles of the legs. It may 
well provide anesthetists and surgeons with 


the first clue to the body’s reaction to 


decreased venous return, and thus permit 
_ them to follow the onset and recovery from 
shock. 

The ballistocardiogram gives information 
of a character so unlike that of the electro- 
cardiogram and so useful to the clinician as 
evidence of altered circulatory conditions 
that it deserves wide study and application. 
This is now available to all who have 
electrocardiographic equipment, with little 
additional apparatus. While synchronous 
electrocardiograms or sound tracings are 
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needed to identify bizarre waves, they are 
not needed to distinguish normal from 
abnormal records. 


SUMMARY 


1. The motion of the body recorded by 
a sphygmograph applied to the head, by a 
photocell partly shaded by a ruler across the 
shins, or by a coil in a magnetic field, pro- 
vides a satisfactory ballistocardiogram. 

2. The records require little additional 
equipment for those who have portable 
electrocardiographs. They can be made in 
the ward, office, operating room or at home. 

3. ‘The records are particularly useful in 
angina, myocardial infarction and in shock. 
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Effects of Clockwise Rotation of the Heart 
on the Electrocardiogram’ 


EMANUEL GOLDBERGER, M.D. 
New York, New York 


T has been pointed out by the author’~* 
and by others* that the position of the 
heart is not fixed within the thoracic 

cage, and that rotation of the heart can 
take place around one or more of the 
following three axes: (1) rotation of the 
heart around its anteroposterior axis; when 
this happens, the heart becomes vertical or 


ty 


gg 
re 


Fic. 1. Multiple unipolar leads from a normal person. 


horizontal; (2) rotation of the heart around 
its long axis; clockwise rotation causes the 
right ventricle to face more of the anterior 
surface of the chest wall and the left 
ventricle rotates to the left; counterclock- 
wise rotation causes the left ventricle to 
face more of the anterior chest wall, and 
the right ventricle rotates to the right; (3) 
rotation of the apex of the heart around its 
transverse axis; the apex is either rotated 
forward or backward. 

In this paper the effects of clockwise rota- 
tion of the heart in both the precordial 
leads and the extremity leads will be 
described for both normal tracings and 
tracings showing signs of right or left 
ventricular hypertrophy. The cases illus-_ 
trated were selected at random from our 
files. 


GENERAL REMARKS 


In order to correlate the electrocardio- 
graphic patterns that appear in the standard 
leads, augmented unipolar extremity leads, 
and multiple precordial leads, the following 
review is of value:'~* 

1. A unipolar lead that overlies or faces 
the epicardial surface of the left ventricle 
shows a GR pattern. (Fig. 1, Lead vs.) 

2. A unipolar lead that overlies or faces 
the epicardial surface of the right ventricle © 
shows an rS or an RS pattern. T is usually 
upward but may be downward. (Fig. 1, 
Leads V1-4.) 

3. A unipolar lead that faces the right 
ventricular cavity shows an rS pattern and 
a downward T (Fig. 1, Lead 2R .ic.) 

4. A unipolar lead that faces the left 


* From the Medical Division, Montefiore Hospital, New York, and the Electrocardiographic Department, Lincoln 
Hospital, New York, N. Y. 
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Fic. 2. The effect of marked clockwise rotation on a normal vertical heart. a is 
a woman, aged twenty years; B is a man, aged twenty-nine years. 


ventricular cavity shows a QS deflection 
and a downward T. (Fig. 1, Lead Head.) 

5. A unipolar lead that faces the back of 
the heart shows a QR (or a Qr or a gR) 
pattern and a downward T. (Fig. 1, Leads 
L.u.Sc., R.u.Sc., R.1.Sc.) 

6. Although each standard lead repre- 
sents a combination of potentials from two 
extremities, the following general relations 
between standard leads and unipolar ex- 
tremity leads usually hold: 

Lead 1 resembles Lead aVL or the reverse 
of Lead aVR. 

Lead 1 resembles Lead aVF or the reverse 
of Lead aVR. 

Lead m resembles Lead aVF or the reverse 
of Lead aVL. 

7. When the heart is vertical, Lead aVL 
shows a QS, an rS or RS pattern. When 
the heart is horizontal, Lead aVL shows a 
qR or aQR pattern. 


EFFECT OF MARKED CLOCKWISE ROTATION 
ON A VERTICAL HEART 


When marked clockwise rotation of a 
vertical heart occurs, precordial Leads v; 
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Fic. 3. The effect of clockwise rotation on a vertical 
hypertrophied heart. 


through vs; or Vg may face the epicardial 


surface of the right ventricle and show rS 


and RS patterns. (Fig. 2.) Lead aVL shows 
an rS or RS pattern because it faces either 
the cavity of the right ventricle or the 
epicardial surface of the right ventricle as a 
result of the clockwise rotation. Lead aVR 
shows a QR type of pattern because it faces 
the back of the heart as a result of the 
marked clockwise rotation. 

Figures 2A and B show such tracings in 
normal vertical hearts with marked clock- 
wise rotation. Figure 2B also shows an addi- 
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Fic. 4. A and B, the eff 


t of clockwise rotation on 


hyper- 


normal and 


trophied hearts with hypertensive cardiovascular disease; c, a man 
with hypertensive cardiovascular disease. 


tional type of rotation. Ordinarily when the 
heart is vertical, Lead aVF faces the epi- 
cardial surface of the left ventricle and 
shows a GR pattern. However, if backward 
rotation of the apex occurs, Lead aVF faces 
the epicardial surface of the right ventricle 
and shows an rS or RS pattern as appears 
in Figure 2s. 

Figure 3 shows the effect of marked clock- 
wise rotation of a vertical heart in a patient 
who had extensive right ventricular hyper- 
trophy. It is the tracing of a twelve year old 
boy who died of rheumatic heart disease. 
At autopsy aortic and mitral stenosis were 


found and there was marked hypertrophy 
of both the right and left ventricles. 

Lead v; shows a tall R and a downward 
T due to right ventricular hypertrophy, and 
the P is large and wide due to auricular 
hypertrophy. However, Leads v2.5 show 
RS patterns which indicate that these leads 
are also facing the epicardial surface of the 
right ventricle. Therefore, marked clockwise 
rotation is also present. Lead aVR shows 
a OR and a downward T, further indicat- 
ing that marked clockwise rotation is 
present. Lead aVL shows an rS indicating 
that the heart is vertical, and Lead aVF 
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shows an RS instead of a qR indicating 
that backward rotation of the apex is 
present. 


EFFECT OF MARKED CLOCKWISE ROTATION 
ON A HORIZONTAL HEART 


When marked clockwise rotation of a 
horizontal heart occurs, all six precordial 
leads may show rS and RS patterns just as 
occurs in a vertical heart so rotated, and 
Lead aVR develops a QR and a downward 
T. However, because the heart is horizontal, 
Lead aVL continues to show a gR pattern. 
Figure 4A shows this in a normal tracing. 
Figures 4B and c show this in patients with 
left ventricular hypertrophy. In Figure 48 
lead aVL shows not only a gRS pattern but 
R is more than 13 mm. tall. This is high 
voltage and indicates left ventricular hyper- 
trophy.* In Figure 4c Lead aVL shows not 
only high voltage but the depressed RS-T 
and downward T indicate left ventricular 
strain. 


EFFECT OF EXTREME CLOCKWISE ROTATION 
ON A VERTICAL OR HORIZONTAL HEART 


When clockwise rotation is extreme, the 
back of the heart can actually face the 
anterior surface of the right chest. In 
such a case Lead v; and even Lead vz may 
show the pattern of the back of the heart, 
namely, a QR or a qR and a downward T. 
Figure 5 shows such a tracing, that of a 
patient with cor pulmonale. Precordial 
Leads V2. in this case show normal RS 
patterns. 

When such extreme clockwise rotation is 
present, Lead aVR not only shows a OR 
type of pattern, but the R becomes tall with 
respect to the q. Although this qR pattern 


in Lead aVR has been interpreted as a sign 


of right ventricular hypertrophy,° actually 
it is merely a sign of extreme clockwise rota- 
tion and may occur in cases not only of right 
ventricular hypertrophy but myocardial in- 
farction and even in normal people. Al- 
though extreme clockwise rotation with a 
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Fic. 5. The effect of extreme clockwise rotation on the 
heart; a patient with cor pulmonale. 


qR in Lead vi, can theoretically occur 
normally, I have not seen it in any normal 
person. 


CONCLUSIONS 


1. Precordial leads as well as unipolar 
extremity leads and standard leads vary 
when clockwise rotation of the heart occurs. 

2. When marked clockwise rotation of 
the heart occurs, precordial Leads v; 
through vs or Veg may face the epicardial 
surface of the right ventricle and show rS 
and RS patterns. This may occur in a 
normal person with a vertical or horizontal 
heart, or in patients with right or left ventri- 
cular hypertrophy. 

3. A further sign of marked clockwise 
rotation is the development of a OR, Qr or 
qR pattern in Lead aVR. 

4. When extreme clockwise rotation is 
present, precordial Lead V, and sometimes 
Lead V2 can also face the back of the heart 
and show a QR or gR pattern in addition 
to Lead aVR. 
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Electrocardiographic Evaluation of Boeck’s 
Sarcoid and Advanced Pulmonary 
Tuberculosis’ 


Special Reference to Interpretation of the Multiple Unipolar Leads 


SAFETY R. First, M.D. 
Tulsa, Oklahoma 


leads recorded in patients with pul- 

monary manifestations of Boeck’s sar- 
coid revealed the frequent occurrence of left 
ventricular hypertrophy, an electrocardio- 
graphic finding which may prove to be of 
added value in the differentiation of sar- 
coidosis and tuberculosis. Sarcoidosis is a 
systemic disease which may involve the 
myocardium and account for electrocardio- 
graphic irregularities’ * while tuberculosis 
rarely involves the myocardium directly 
and electrocardiographic abnormalities, 
when present, are of different form than 
those observed in sarcoid. The pulmonary 
roentgenographic changes of sarcoidosis 
and tuberculosis frequently resemble each 
other and in many cases offer a diagnostic 
problem of some magnitude. 


of multiple unipolar 


METHOD AND MATERIAL 


Serial teleoroentgenograms and electro- 
cardiograms in seven cases of Boeck’s sarcoid 
and twenty cases of far advanced pulmonary 
tuberculosis were compared. The electro- 
cardiograms were recorded by using a 
modified central terminal’ and included 
leads aV,, aVy, V1, V2, V3, Va, Vs and Vez, 
in addition to limb leads 1, 1 and m. The 
positions explored were those specified by 
the Committee of the American Heart Asso- 
ciation for the Standardization of Precordial 
Leads. 


RESULTS 


Of the seven patients with Boeck’s sarcoid 
six gave electrocardiographic findings which 
were interpreted as definite evidence of left 
ventricular hypertrophy. One had a normal 
electrocardiogram. Teleoroentgenograms of 
five of these subjects revealed diffuse areas 
of infiltration scattered throughout both 
lung fields. One revealed a nodular enlarge- 
ment of the mediastinum. A positive diag- 
nosis was established in each case by 
microscopic examination of lymph node 
biopsies after exhaustive studies failed to 
show evidence of acid-fast organisms. 

The electrocardiograms of twenty patients 
with far advanced pulmonary tuberculosis 
showed the following: 


No. of Cases Diagnosis 

3 Incomplete right bundle-branch block 

3 Pericarditis 

2 Right ventricular hypertrophy 

1 Moderately recent anteroseptal infarction 
1 


1 Normal 


Teleoroentgenograms showed bilateral 
disease with cavitation in most instances and 
the sputum contained acid-fast organisms in 
each case. 


ELECTROCARDIOGRAMS ILLUSTRATING 
CHANGES 


Two months after the diagnosis of Boeck’s 
sarcoid was made in a colored male, aged 
twenty-three, the electrocardiogram in Fig- 


* From the Department of Internal Medicine, University of Oklahoma School of Medicine, Oklahoma City, Okla. 
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it 


Fic. 3, Right bundle branch block. | 


Fic. 4. Right ventricular hypertrophy. 


compatible with chronic, low grade peri- 
carditis; the heart is in the horizontal posi- 
tion and there is a counterclockwise rotation 
of Agrs (left axis deviation). 

The electrocardiogram which is repro- 
duced in Figure 3 was recorded in a white 
man, aged thirty, in whom a diagnosis of 
far advanced pulmonary tuberculosis had 
been established by positive sputum and 
gastric washings and chest roentgenographic 
changes. The QRS interval is 0.12 seconds 
and the S is broad in lead 1. R and R’ deflec- 
tions are present in leads aVy, V1, V2 and 
V3. Transition occurs between V, and V;; 
Vs and Vg are contributions to the pre- 
cordium from the left ventricular surface 
and show a broad S. The heart is in the 
horizontal position and there is a counter- 
clockwise rotation of Agrgs. When the right 


branch of the His bundle is blocked, acces- 
sion of the interventricular septum from the 
left branch produces an initial positive 
potential at the surface of the right ventricle 
whereas late accession of the free wall of the 
right ventricle produces a second positive 
variation at this surface late in the QRS 
interval. These two positive variations un- 
doubtedly exert a dominant effect in the 
formation of R and R’ in leads aVy, Vi, V2 
and V3. 

The electrocardiogram (Fig. 4) was re- 
corded in a white man, aged twenty, who 
had shown a slowly progressive disease for 
two years. Sputum and gastric washings 
were positive for acid-fast organisms and 
the chest roentgenogram revealed exudative 
disease with cavitation. R is prominent at 
V, and V2 where T is rounded and shows a 
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terminal negative deflection. ‘Transition 
occurs between V2 and V3. V3, V4, V5 and 
V. are the potential variations transmitted 
to the precordium from the surface of the 
left ventricle. These changes suggest right 
ventricular hypertrophy, the heart in the 
vertical position and a tendency toward 
clockwise rotation of Agas. 

The electrocardiogram (Fig. 5) was re- 
corded in a white male, aged thirty-four, 
one year following the initial diagnosis of 
pulmonary tuberculosis and two weeks fol- 
lowing an attack of precordial pain which 
radiated to his left shoulder and was accom- 
panied by dyspnea and orthopnea. Sputum 
and gastric washings were positive for acid- 
fast bacilli and the teleoroentgenogram 
revealed far advanced pulmonary disease. 
R is minute in leads aV,, Vi and V2 and is 
low with a slurred upstroke in V3. T is 
inverted in leads V,, V2, Vs and V.. In view 
of the history and these changes a diagnosis 
of moderately recent anteroseptal infarction 
appears justified; the heart is in the vertical 
position and there is clockwise rotation of 
Agrs- Characteristically, when precordial 
lead changes are contined to V;, V2 and V3, 
little or no change is present in the limb 
leads. 


COMMENTS 


Sarcoidosis is considered to be a systemic 


disease in which no organ is exempt from > 


possible involvement. Schaumann, in his 
initial publication,'® described sarcoid in- 
volvement of the myocardium in post- 
mortem material. His observation has been 
confirmed on numerous occasions and vari- 
ous electrocardiographic conduction irre- 
gularities have been reported.1~* Unipolar 
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Fic. 5. Anteroseptal infarction. 


chest leads were not employed in these 
observations, however, and consequently 
the repeated finding of left ventricular 
hypertrophy in these cases is of interest. 
Why the left ventricle is selectively involved 
is unexplained. Perhaps sarcoidosis, like 
rheumatic fever, has a tendency to localize 
in the heart with an intensity which is pro- 
portional to the work done. 

As a general rule pulmonary tuberculosis 
is unaccompanied by changes in the electro- 
cardiogram unless there is involvement of 
the pericardium. In far advanced pulmo- 
nary disease secondary myocardial changes 
may occur and account for secondary alter- 
ations in the heart’s electrical field. It was 
for this reason that patients with far ad- 
vanced pulmonary tuberculosis were se- 
lected for this study. Of twenty patients 
only five presented abnormal curves which 
could be attributed to pulmonary disease. 


SUMMARY 


1. Left ventricular hypertrophy produced 
by Boeck’s sarcoid can be detected in the 
precordial electrocardiogram. 

2. A few patients with sarcoidosis pre- 
sented electrocardiographic changes which 
differed from those encountered in a group 
of twenty patients with far advanced pul- 
monary tuberculosis. These differences, if 
equally consistent in larger groups, might 
prove helpful diagnostic leads. 

Acknowledgment: An expression of thanks is 


extended to Dr. Robert H. Bayley for helpful 
criticism in the preparation of this manuscript. 
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Hemiplegia Attending Acute Myocardial 
Infarction" 


WILLIAM BENNETT BEAN, M.D., GERALD W. FLAMM, M.D. and ALBERT SAPADIN, M.D. 


Towa City, Iowa 


CCASIONAL reorientations in medical 
() thought are useful goads against 
the dogma which too readily en- 
cases our ideas in fixed mental habits. It is 
usually taken for granted that such an 
episode as hemiplegia occurring at the time 
of acute myocardial infarction or shortly 
after is embolic in origin, the embolus in 
question, coming from a ventricular mural 
thrombus. Some years ago, in surveying a 
large series of cases of myocardial infarction 
proved at autopsy, it was noted that the 
majority of cases of hemiplegia which 
followed infarction of the heart were associ- 
ated with cerebral arteriosclerosis and local 
thrombosis or even hemorrhage rather than 
with emboli. Still later, in association with 
Read? one of us (W. B. B.) reported several 
instances of hemiplegia as the presenting 
symptom of acute myocardial infarction. 
There was advanced arterial disease of the 
brain but no acute lesion of the cerebral 
arteries to account for the major symptoms. 
It was suggested that the reduction in blood 
flow, affecting particularly the cerebral 
foci with the most severely diseased arteries, 
determined the clinical picture. This strik- 
ing masquerade of coronary thrombosis 
with a neurologic debut has not aroused 
the interest of cardiologists or caught the 
attention of internists though it is better 
known to some neurologists.*® It is, however, 
sufficiently important that its recognition 
not be confined to those isolating themselves 
in any medical specialty. 

It is impossible to prove the nature of this 
type of case except by postmortem study of 
heart and brain. It is possible, indeed 
probable, that less serious cases of like 


Brooklyn, New york 


Cincinnati, Ohio 


nature occur. In an attempt to discover 
them clinically we have taken electrocardio- 
grams in many patients admitted to the 
hospital with hemiplegia. In several pa- 
tients not included in this study the medical 
history revealed that hemiplegia had ensued 
shortly after cardiac infarction. In only one 
such case was the diagnosis proved. The 
others either recovered or died and no 
autopsy was performed. 

At times there is difficulty in assigning 


an exact time to the onset of an acute myo- 


cardial infarct.' In the instances we are 
reporting the lesion in the heart gave testi- 
mony of an age in keeping with the known 
time of collapse or pain which we have used 
as the clinical landmark indicating the 
acute onset of myocardial infarction.* The 
present study casts no light on the possi- 
bility that hemiplegia from cerebral hemor- 
rhage or thrombosis, and hyperactivity or 
convulsions associated with it might them- 
selves precipitate coronary thrombosis or 
myocardial infarction. ‘The absence of the 
acute lesion, cerebral thrombus or hemor- 
rhage in our Cases indicates that the central 
nervous system was not primarily concerned 
but manifestations referable to it were con- 
comitants or early sequelae of the acute 
myocardial infarction. 

We have reviewed the protocols of all 
autopsies done in the Department of 
Pathology for the years 1941 through 1946 
to look for cases in which hemiplegia was 
precipitated by acute myocardial infarc- 
tion. We set up as criteria for selection the 
presence of (1) a gross recent infarct of the 
heart measuring at least 3 by 3 cm. and 
(2) focal neurologic signs suggesting cerebral 


*From the Departments of Medicine and Pathology of the University of Cincinnati and the Cincinnati General 
Hospital, Cincinnati, Ohio. 
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hemorrhage, thrombosis or embolus but the 
(3) absence of any gross evidence of an acute 
vascular lesion of the cerebral vessels. ‘The 
six Cases discussed in this report were found. 
Pronounced arteriosclerosis of the larger 
cerebral vessels was present. It has been the 
experience of some pathologists that emboli 
and thrombi are overlooked unless special 
precautions are taken to find them. An 
injection plus dissection of the arteries sup- 
plying the brain would have given assur- 
ance that there were indeed no acute vascu- 
lar lesions of larger cerebral arteries but 
such a. procedure was not carried out. 
While no rigid technic was followed, em- 
boli, thrombi or hemorrhage were sought 
specifically because of the clinical diagnosis 
of hemiplegia. It is unlikely that any lesion 
of major importance was missed although 
the possibility exists. 

Some cases had to be discarded because 
the autopsy had not included examination 
of the brain. There are other examples of 
cardiac origin for non-embolic hemiplegia, 
including such different diseases as aortic 
stenosis, dissecting aneurysm*® and rupture 
of a syphilitic aneurysm; all without acute 
vascular lesions of major cerebral vessels 
but with pronounced cerebral arteriosclero- 
sis. Clinical evidence in some instances, 
especially in which transient hemiplegia 
occurred in aortic stenosis, demonstrated a 
relationship between the neurologic crisis 
and a fall in arterial blood pressure; in 
other cases this mechanism was suspected 
but not proved. An analogy between the 
physiologic disturbance of this condition 
and the syndrome of sensitive carotid sinus 
may exist. 


REVIEW OF THE LITERATURE 


Bean and Read? in 1942 called attention 
to a syndrome of hemiplegia attending 
acute myocardial infarction with the neu- 
rologic signs and symptoms overshadowing 
the acute cardiac disorder. They pointed 
out that hemiplegia and acute infarction of 
the heart occurring in the same patient 
might be (1) independent of each other, 
(2) the cerebral disorder might be an 
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embolic sequel of dislodging a ventricular 
mural thrombus or (3) shock resulting from 
the acute cardiac disorder might be associ- 
ated with cerebral ischemia, especially 
when arteriosclerosis of vessels in the brain 
was advanced, and thus produce hemi- 
plegia. The resulting symptoms and signs 
were thought to have been determined by 
the focal pattern of vascular sclerosis in the 
cerebral arteries. In a review of medical 
papers related to this topic no proved 
instances of hemiplegia after myocardial 
infarction without embolism were found, 
although there were numerous observations 
that other acute cardiac episodes might be 
associated with transitory palsies and pa- 
ralyses. Since this paper there has been 
scant notice of the problem. Cookson’ em- 
phasized fits and faints as signs of cardiac 
infarction and commented on the old age 
and poor prognosis of his patients. He 
believed that reflex bradycardia was more 
important than hypotension in the pro- 
duction of syncope, but disease in cerebral 
vessels was considered to be another factor. 
Race and Lisa® found that 15 per cent of 
100 autopsied cases of myocardial infarc- 
tion had lesions of cerebral vessels. For the 
most part in those with central nervous 
system lesions the cardiac disease had not 
been diagnosed. There were indeed five 
cases in which the only acute vascular 
lesion was coronary thrombosis but the 
neurologic aspects of the signs and symp- 
toms had indicated only hemiplegia and 
presumably the mechanism was the same 
as reported by others.” Fisher and Zuker- 
man? found three cases of cerebral hemor- 
rhage and two of cerebral thrombosis in 
108 cases of myocardial infarction but did 
not discuss the time relationship of the 
episodes or the accuracy of the clinical 
diagnosis. 

Four mechanisms for the production of 
hemiplegia following acute myocardial in- 
farction may exist. Embolism, thrombosis and 
hemorrhage have been noted fairly often, but 
ischemia most pronounced in regions whose 
arterial supply is reduced by arteriosclerosis 
may be another important factor.” There 
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are certain common time sequences which 
should suggest which of these mechanisms 
is responsible for hemiplegia in a given 
instance if the train of events is known from 
an accurate history, which may be difficult 
or impossible to learn in a patient with a 
stroke. If hemiplegia has its onset at the 
same time or shortly after the acute cardiac 
infarction as a syncopal or apoplectic seizure 
while shock is prominent, the usual mecha- 
nism is cerebral ischemia and hypoxia. 
When its onset is somewhat later, after the 
first few hours but usually within the first 
few days up to a week, a large cerebral 
vessel may have become occluded by a 
thrombus or cerebral hemorrhage may 
have occurred as a result of sustained vaso- 
paralysis.'° Evidence has been adduced 
that following acute myocardial infarction 
there may be an abnormal tendency for 
blood to clot rapidly.’ After the first week 
an embolus from a mural thrombus on the 
endocardial wall may lodge in the brain 
and suddenly cause hemiplegia. Those 
divisions of time are not absolute. Recur- 
ring shock may follow acute myocardial 
infarction and give rise to hemiplegia, or 
an embolus from an auricular thrombus 
may become detached soon after acute 
cardiac infarction. In general the correct 
clinical diagnosis can be suspected if the 
time relationship of hemiplegia and infarc- 
tion of the heart is known. 

The vasotonic and physical forces which 
maintain the dynamics of cerebral blood 
flow have been the subject of much study 
but many aspects of the problem are not 
yet clearly understood. Aring* has given a 
comprehensive and critical review of the 
physiologic control of cerebral circulation. 
Extracerebral factors are recognized as most 
important in governing intracerebral blood 
flow. There are, however, relatively weak 
neurovascular mechanisms, and humoral 
factors such as CO:2, pH changes and 
chemical agents may affect vessel caliber 
and blood tlow. Villaret and Cachera!? 
studied the effects of emboli in the form of 
particulate matter introduced. into the 
cerebral circulation, and through skull 
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windows were able to observe venous en- 
gorgement and hemorrhagic infarction. A 
clue to possible mechanisms in our own 
cases and the close connection between 
cerebral hemorrhage and thrombosis is 
found in Scheinker’s!® observation on vaso- 
paralysis and the ensuing vasothrombosis. 
He found that as a result of such varied 
stimuli as physical trauma, sulfonamide 
intoxication, carbon monoxide poisoning 
and arsenical encephalopathy the brain 
might be injured gravely. By histologic 
study he traced the changes from vasodila- 
tation through vasoparesis to vasoparalysis 
leading to stasis, diapedesis and finally to 
the coalescence of many minute hemor- 
rhages. Presumably an even earlier stage 
in his cases may have been vasoconstriction 
so intense or so sustained that the re- 
sulting hypoxia led to changes in vascular 
endothelium. 

Since some of our autopsy material has 
been found to manifest similar vascular 
changes, we suggest that the phenomenon 
of hemiplegia may be initiated by a fall in 
arterial blood pressure associated with the 
early state of myocardial infarction. Cere- 
bral arteries with enough organic ob- 
struction to reduce the blood flow critically 
may determine the area or areas most 
severely affected. If anoxia continues long 
enough, alterations of the walls of small 
vessels may permit the escape of blood. By 
the coalescence of many small hemorrhages 
a large infarct may be formed. If, however, 
shock is not of sufficient duration or intensity, 
vascular alterations may not be demon- 
strable even though cerebral cell function 
or structure may be disordered. Indeed 
there is presumably a stage at which com- 
plete recovery is possible, and we have ob- 
served cases clinically in which this situa- 
tion was suspected although it could not 
be proved. 

There is little in the way of therapy 
which can be suggested for the cerebral 
disturbance. If it is realized that the neu- 
rologic changes may be reversible, however, 
the customary nihilistic, attitude toward 
hemiplegia may change to a more opti- 
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mistic one, even though the prognosis may 
still be none too good with an acute cardiac 
infarct. Where shock associated with an 
acute myocardial infarct causes local or 
general neurologic signs apparently of 
primary cranial origin, the correct interpre- 
tation may be vital to the management of 
the patient. If it is possible to improve the 
function of the heart and if this is done early, 
the stroke may disappear rapidly and an 
apoplexy apparently disastrous may prove 
transitory. Since it is not possible to make a 
definitive diagnosis of this cerebral mas- 
querade of acute cardiac infarction without 
anatomic proof, the most that can be ex- 
pected in the diagnosis of non-fatal examples 
of this syndrome is a properly guided sus- 
picion which will direct treatment toward 
the heart rather than the head. 

The following brief case reports include 
all proved cases of this syndrome which 
have come to autopsy since our earlier 
report.? The pathologic findings are out- 
lined in Table 1. 


CASE REPORTS 


Cas—E 1. C. V., a seventy year old white 
man, was admitted to the Neurology Service 
on February 26, 1944, having collapsed at home. 
He had slept after dinner and upon awakening 
had gone to the toilet because he felt nauseated. 
There he vomited. Pallor, weakness and profuse 
perspiration occurred and he fainted. He 
had complained of no pain before he lost 
consciousness. 

Physical examination revealed the tempera- 
ture to be 101°F., pulse 80, respirations 28, 
blood pressure 230/110. The patient was a 
plethoric old man, stuporous and had difficulty 
with respiration. He demonstrated purposeless 
involuntary movements and was unresponsive. 
He showed no signs of heart failure. The heart 
was enlarged and a systolic murmur was heard 
at the apex. There was left facial weakness, 
symmetrical hyperreflexia and bilateral Bab- 
inski signs. 

Laboratory findings were as follows: the 
erythrocyte count was 4.9 m.; leukocyte count 
5,800; hemoglobin 15 Gm.; blood urea nitrogen 
was 16 mg. per 100 cc.; urine examination was 
normal. Lumbar puncture revealed normal 
pressure, negative Pandy test, 20 red blood 
cells and 1 white blood cell per cu. mm. The 
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cerebrospinal fluid protein was 40 mg. per 
100 cc. 

He died eleven hours after admission follow- 
ing a progressive downhill course. The clinical 
diagnoses were cerebral hemorrhage and hyper- 
tensive cardiovascular disease. 

F. W., an eighty-two year old 
white man, was admitted to the Neurology 
Service on June 15, 1944, having collapsed at 
home where he was found conscious on the 
floor but unable to move because of a left 
hemiparesis. Before falling he had been dizzy. 

Physical examination revealed the tempera- 
ture to be 101.2°F., pulse 120, respirations 30, 
blood pressure 125/80. The patient was an 
alert, acutely ill man with left hemiparesis but 
no evidence of heart failure. Breath sounds were 
stertorous so the heart sounds were obscured. 
A Kernig sign was elicited; there was hypore- 
flexia and swallowing was difficult. 

Laboratory data were as follows: erythrocytes 
5.05 m.; leukocytes 16,550; hemoglobin 14.3 
Gm., no urine was collected. Lumbar puncture 
was normal with the cerebrospinal fluid protein 
22 mg. per 100 cc.; blood urea nitrogen 65 mg. 
per 100 cc.; blood Kahn was negative. 

Fluids were aspirated and respiratory distress 
increased. He died two days after admission. 
The diagnoses were thrombosis of the right 
middle cerebral artery and pneumonia. 

Case 11. W. B., a seventy-one year old white 
man with a history of anginal attacks, was ad- 
mitted to the Medical Service on February 4, 
1946, because of marked respiratory difficulty. 
One week before admission the patient had 
become ill, vomited, was weak and became 
dyspneic. There was chest pain with the attack. 
He became especially weak on the left side after 
the acute attack but the exact time when hemi- 
plegia occurred could not be learned. 

During physical examination pulse and blood 
pressure readings were not obtainable; respira- 
tions were 45. He was cyanotic and dyspneic and 
coarse rhonchi obscured the heart sounds. The 
left arm and leg were not moved; the patient 
puffed out his left cheek with respirations and 
no reflexes could be elicited on the left. 

No blood count was taken or urinalysis per- 
formed. Postmortem cisternal puncture yielded 
normal cerebrospinal fluid with 5 lymphocytes 
per cu. mm.; blood urea nitrogen was 20 mg. 
per 100 cc. . 

He died one hour after admission. Diagnoses 
were acute myocardial infarction with left 
hemiplegia, probably due to embolus. 
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CasE 1v. M. B., a seventy-seven year old 
white woman, was admitted to the Neurology 
Service on April 21, 1946, after having been 
found on the floor at home. 

Physical examination showed: pulse 100, 
respirations 36, blood pressure 85/65. She was 
very dyspneic. Coarse rhonchi obscured the 
heart sounds. Both arms were flaccid but tendon 
reflexes were retained while the legs were moved 
on noxious stimulation but were areflexic. 
Corneal reflexes were absent. 

Laboratory data were as follows: red blood 
cells 4.82 m.; white blood cells 4,750; hemo- 
globin 14 Gm. Urine showed 2+ albumin and 
occasional white blood cells; blood urea nitrogen 
24 mg. per 100 cc. Wassermann reaction was 
negative. Lumbar puncture was normal with 
a cerebrospinal fluid protein of 43 mg. per 
100 cc. An electrocardiogram was interpreted 
as left ventricular preponderance and probable 
anterior myocardial infarction. 

Death occurred three hours after admission. 
Diagnoses before the electrocardiogram was 
taken were cerebral hemorrhage or thrombosis, 
acute pulmonary edema and possible myo- 
cardial infarction. 

CasE v. G. S., a seventy-seven year old 
white man, was admitted to the Medical] Service 
on March 18, 1947, after becoming delirious 
following a sudden collapse. His pulse was 40, 
respirations 14 and blood pressure 75/40. The 
patient had Cheyne-Stokes respirations. Both 
lungs were filled with coarse rhonchi and 
wheezes. No cardiac enlargement was detected. 
Heart rhythm was periodically irregular and 
heart sounds were distant. The right arm and 
leg were spastic. Reflexes were increased in the 
arms and absent in the legs and there was a 
Babinski sign on the right. 

Laboratory data were as follows: red blood 
cells 5.27 m.; white blood cells 15,200 with 
93 per cent polymorphonuclears. Urine showed 
2+ albumin, occasional white blood cells and 
2 to 3 red blood cells per high power field; blood 
urea nitrogen 60 mg. per 100 cc. An electro- 
cardiogram showed complete A-V dissociation 
with idioventricular rhythm. 

Therapy included sedation, plasma and 
fluids. Soon after admission he went into periph- 


eral circulatory failure, became confused and | 


developed a left hemiparesis, weakness and 
acute respiratory distress. He died forty-two 
hours after admission. The diagnoses were myo- 
cardial infarction, cerebral vascular accident 
and hypostatic pneumonia. 
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Case vi. K. C., a sixty-eight year old colored 
woman, was seen in the Receiving Ward on 
April 18, 1947, after having collapsed on the 
street. She had been treated in the Outpatient 
Department for hypertension and heart failure 
of long duration. Pulse was 100, respirations 30, 
blood pressure 70/?. She was semicomatose and 
showed fine convulsive movements of the right 
arm, neck and face. There was an abrasion of 
the left temple. She did not move her left arm 
or leg and showed weakness of the left face. 
Reflexes were of no localizing value. Respira- 
tions were very labored during the dyspneic 
phase of her Cheyne-Stokes breathing. Basal 
rales and wheezes were prominent in the chest. 
The heart was enlarged with sinus rhythm and 
premature beats but no murmurs, friction rubs 
or gallop rhythm. Neck vein distention was 
notable and the liver extended 3 fingersbreadth 
below the right costal margin. Ankle edema 
was absent. 

No blood count was taken. The urine showed 
rare white blood cells. Lumbar puncture showed 
initial pressure of 220 mm. of water with no 
change in pressure after removal of 7 cc. of fluid. 
There were 48 red blood cells and 7 white blood 
cells per cubic mm. and the cerebrospinal fluid 
protein was 47 mg. per 100 cc., blood urea 
nitrogen 21, sugar 294 per 100 cc., COz2 20.5 
volumes per cent. Lateral skull films suggested 
a fracture in the region of the left lambdoidal 
suture. An anteroposterior chest film showed an 
enlarged heart. 

Intravenous fluids were started and stimu- 
lants given but she died shortly after arriving 
at the hospital. Diagnoses were hypertensive 
cardiovascular disease with cardiac insufficiency, 
possible myocardial infarction, probable en- 
cephalomalacia in right internal capsule and 
possible subdural hematoma. 


COMMENT 


Our experience with a type of stroke 
which attends the early phases of acute myo- 
cardial infarction has been outlined. In this 
hospital it has constituted an important 
although relatively uncommon problem. 
The diagnosis is often missed because 
clinicians who see this type of patient are 
not aware that the cause of ‘‘apoplexy”’ can 
be other than thrombus, embolus or hemor- 
rhage. It is evident from a survey of perti- 
nent medical’: papers?”® that/many dis- 
turbances of cardiac function such as 
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paroxysmal arrhythmias, acute left ventricu- 
lar failure, shock and postural hypotension 
may be attended by hemiplegia which may 
be as transitory as the provoking disturb- 
ances in the heart or may persist after the 
heart resumes more nearly normal function. 
In addition to the clear-cut entity of hemi- 
plegia it is probable that in at least some 
instances confusion, coma, delirium, fainting 
and convulsions which may usher in, attend 
or follow shortly upon the acute episode of 
myocardial infarction, depend on the reduc- 
tion in blood flow which affects the cerebral 
tissues according to the degree and locus of 
disease in the arteries supplying the brain. 
Reflexes may also have a part in the dis- 
turbance in cerebral blood flow but this 
remains a speculation. Luminal changes or 
spasm of sclerotic or calcified vessels could 
hardly reach major proportions. 

In some of the brains in the present series 
of cases the changes found are characteristic 
of the vasoparalysis described by Scheinker.'° 
It is believed that the ensuing deterioration 
of brain cells is adequate to account for the 
continuation of hemiplegia until death. In 
probable instances of this kind in which 
hemiplegia is fleeting, recovery leaves the 
exact diagnosis in doubt but some of the 
rapidly clearing strokes may be of this 
nature. In the occasional instance in which 
transient hemiparesis is repeated in a re- 
curring pattern the clinical picture may be 
explained by restricted blood flow through 
a diseased cerebral artery rather than vascu- 
lar spasm in a “‘sensitized”’ or conditioned 
artery. Systemic hypoxia associated with 
heart failure and pulmonary congestion 
may aggravate an already serious condition 
and further the disintegration which finally 
causes death. 


CONCLUSIONS 


Clinical and morphologic data have been 
presented in six patients with major symp- 
toms of acute cerebral disturbance associated 
with recent infarction of the heart. In all but 
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two a myocardial infarct was suspected 
clinically. 

Suggestive evidence has been advanced 
that the pattern of local arterial disease in 
the brain determined the clinical signs and 
symptoms. A reduction of cardiac output 
following infarction of the heart thus may 
lead to the clinical masquerade of an acute 
cerebral vascular accident. 

If the hypodynamic state is severe enough 
or lasts long enough, vasoparesis, vaso- 
paralysis and coalescing small hemorrhages 
may occur. 

The syndrome has received little atten- 
tion. If properly identified and treated, 
there is some chance that one form of 
‘stroke’? will warrant a more optimistic 
outlook. 
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Review | 


The Role of Allergy in the Pathogenesis of 
Rheumatic Fever’ 


EDWARD E. FISCHEL, M.D. 
New York, New York 


FTER a half century of clinical obser- 
A vation and investigation the group 
A hemolytic streptococcus has been 
well established as the causative agent of the 
great majority of cases of rheumatic fever, a 
preceding streptococcus infection having 
been documented by numerous methods. 
However, the mechanism by which strepto- 
coccal infection brings about the disease 
state, rheumatic fever, is still obscure. This 
discussion will be concerned with one of the 
suggested etiologic mechanisms, that per- 
taining to bacterial allergy. Many of the 
factors which have been thought to partici- 
pate in the genesis of rheumatic disease are 
considered in their relationships to the bio- 
chemical, immunologic and pathologic as- 
pects of known allergic processes. 


THE HOST 


As with many diseases which attack with 
some degree of discrimination rather than 
haphazardly as does a wild contagion, 
rheumatic fever appears to occur in indi- 
viduals predisposed by some feature of their 
constitution. The incidence of multiple 
cases in a family is sufficiently common 
to suggest that this feature is probably 
hereditary. ©” 199:212,280 Wilson and her co- 
workers have applied classical technics of 
genetic analysis to this problem. They 
calculate that the predisposition to rheu- 
matic fever occurs in 5 per cent of the 
population and that.-it is inherited through 
a single autosomal gene, as a Mendelian 


recessive characteristic. However, the possi- 
bility that similar environmental factors 
may be exerted, even through a number of 
generations, has not been excluded and, 
indeed, has been suggested by many 
studies, 18° 199.212 Wilson ?®° states ‘‘Final con- 
clusions on the role of environment do not 
appear possible until data are available on 
the familial incidence of rheumatic fever 
among the well-to-do.” 

The characterization of a _ predisposed 
constitution does not exclude the possibility 
that individuals ordinarily not predisposed 
and with no family stigmata may neverthe- 
less exhibit the same pathologic reaction 
under unusual circumstances. Epidemics of 
rheumatic fever have been described in 
which from 10 to 30 per cent of individuals 
with an acute tonsillitis developed acute 
rheumatic fever. Such epidemics 
were particularly well documented at train- 
ing camps during the recent war, and are 
of special interest because many of the 
known rheumatics had been disqualified 
from Holbrook!!® reported 
that the incidence rates for the year 1943 
were in excess of 25 per thousand troops at 
some air bases. During the peak of the 
rheumatic fever season one. large post in 
Colorado experienced a rate of rheumatic 
fever in excess of 100 per 1,000 men annu- 
ally. If the subclinical attacks of rheumatic 
fever, as evidenced by changes in sedi- 
mentation rate or electrocardiograms, are 
included, the rates may be still higher.?°*?”! 


* From the Department of Medicine, Columbia University College of Physicians and Surgeons, and the Edward 
Daniels Faulkner Arthritis Clinic of the Presbyterian Hospital, New York, N. Y. This work was done during the tenure 
of a Life Insurance Medical Research Fellowship, and was aided in part by the Masonic Foundation for Medical 


Research and Human Welfare. 
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How the constitutional predisposition 
noted in usual civilian practice is effected 
is not known. Several possibilities exist 
which have their analogies in studies on 
experimental animals and on humans. 
These include the inheritance of some quali- 
tative or quantitative alteration in the host’s 


ability to cope with infection, a predisposi- 


tion to allergy and an alteration in the end 
organ affected, in this instance the host’s 
connective tissue system. Inherited strain 
differences in degree of resistance to infec- 
tion have been well studied in guinea pigs!® 
as have variations in ability to produce 
antibodies, '®*:?°* to become passively sensi- 
tized;?®* and to become actively allergic.® 
Rheumatics have generally failed to give a 
personal or family history of increased 
incidence of allergies such as hayfever or 
eczema. A greater frequency of reactions to 
sulfanilamide’’*?*' and to _ non-specific 
skin tests??’ has been reported but was not 
noted in another series®! and has not been 
recognized with the use of the newer anti- 
biotic agents (personal observations). 

In addition, the host’s contribution to the 
illness has been suggested by various studies 
on dietary deficiencies, particularly in 
relation to vitamins A and C and pro- 
teins. **:?!8 These have not been confirmed, 
however, and the deficiencies have not been 
shown to differ from alterations occurring 
in many acute and chronic febrile illnesses. 
The disease is extremely variable from case 
to case, and from time to time in the same 
case. It is, moreover, difficult to make a 
quantitative appreciation of dietary habits. 
Therefore,. studies on both these variables, 
the disease and the diet, are difficult to con- 
trol and evaluate. 

Before leaving the consideration of host 
factors, it should be noted that clinical 
rheumatic fever may, in a sense, be a mag- 
nification of processes that occur to a lesser 
degree in many individuals recovering from 
a streptococcic sore throat. It is difficult to 
draw the line between clinical rheumatic 
fever and the cases of pharyngitis which 
continue to have a low fever, a few transient 
electrocardiographic changes or a mildly 
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elevated sedimentation rate for longer than 
the usual period of time. ‘The existence of 28 
to 50 per cent of 2,500 cases of rheumatic 
valvular disease without a history of previ- 
ous recognized rheumatic fever,'*' empha- 
sizes the inadequacy of any attempted dif- 
ferentiation between the apparently minor 
changes and the full blown rheumatic syn- 
drome. No adequate history of acute 
rheumatic fever was found among a similar 
percentage of women with organic valvular 
disease at the Boston Lying-In Hospital. 1 
Rantz, et al.?°® found that about one-third 
of 185 men with streptococcal sore throat 
had electrocardiographic changes, elevated 
sedimentation rate or some manifestation of 
‘continuing disease.’? I(wenty-one of the 
185 had electrocardiographic changes simi- 
lar to those of acute rheumatic fever but 
only nine had arthritis and were clearly 
diagnosed as acute rheumatic fever. Watson, 
Rothbard and Swift?’! found that of 110 
cases of scarlet fever eight developed frank 
rheumatic fever, but eleven others had 
changes which they considered qualita- 
tively, although not quantitatively, to be 
those of rheumatic fever. With reference to 
the occurrence of subclinical pathologic 
phenomena following streptococcic infec- 
tions, it is of interest to recall Lyttle’s studies 
in fourteen cases of scarlet fever. 1®? He found 
that all the patients developed a sudden 
explosive increase in urinary red cells, white 
cells and casts, by Addis count, about two 
weeks after the onset of scarlet fever 
although none developed clinical acute 
nephritis. 


THE AGENT 


Many features of acute rheumatic fever 
resemble aspects of infectious disease. In- 
vestigators have naturally sought for an 
infectious agent as the cause of the rheu- 
matic state. Various organisms have been 
suggested, including viruses, a virus-strepto- 
coccus combination, the tubercle bacillus 
and various kinds of streptococci. 

A virus as the etiologic agent was pro- 
posed by Aschoff because the typical myo- 
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cardial lesions suggested to him the reac- 
tions to viruses at other sites in the body. 
However, the early lesions in rheumatic 
fever involve the extracellular connective 
tissue and the later infiltration appears to 
be a secondary phenomenon. In. this 
selectivity for connective tissue and in its 
intercellular localization, the pathology of 
rheumatic fever is unlike that of known 
virus infections.2°® The virus hypothesis 
gained in popularity for a time when 
Schlesinger et al.??° found particles re- 
sembling elementary bodies in pericardial 
fluid. Although these particles were ag- 
glutinated by sera from rheumatic patients, 
subsequent work by Eagles and Bradley®* 
showed that such particles were non- 
specifically agglutinated by sera from vari- 
ous types of arthritis, including gonococcal. 
Attempts to transmit the “‘virus-like bodies” 
to monkeys were unsuccessful.®* In 1945 
MacNeal et al. claimed to have transmitted 
a virus from the blood and _ pericardial 
fluid of rheumatics to animals and chick 
embryos. 

In animals, various viruses, pleuropneu- 
monia-like organisms and other agents have 
been found to cause myocarditis but no 
association with clinical rheumatic fever 
could be established. !°% 200222246 

The demonstration that a streptococcus 
could not effectively establish itself when 
instilled onto the nasal mucosa of ferrets 
unless an influenza virus infection was 
present® is of interest in view of the sug- 
gested symbiotic virus-streptococcus rela- 
tionship in rheumatic fever. However, 
attacks of influenza and common cold un- 
accompanied by _ streptococcal infection 
have not given rise to rheumatic fever while 
epidemics of streptococcic tonsillitis, ap- 
parently unassociated with virus infection, 
have resulted in appreciable attacks of 
rheumatic fever.*® 193213 

It has been stated that the tubercle 
bacillus is the causative agent of rheumatic 
fever, particularly in the European litera- 
ture. While the work on which this hypo- 
thesis is based has not been reproducible, it 
is nevertheless of interest in this discussion 
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because tuberculosis and allergy to the 
tubercle bacillus have frequently been used 
as patterns for hypothesis and investigation 
of the role of the streptococcus or other 
agents in rheumatic fever. ‘Tuberculin 
reactions can be produced in _ various 
visceral sites in tuberculous animals. The 
resulting lesions are similar to the non- 
specific cellular infiltration that occurs in 
the various attempts at the experimental 
production of rheumatic fever. The occur- 
rence of Aschoff-like bodies in tuberculous 
hearts has been reported. !!%178 

There is now overwhelming evidence 
that most cases of rheumatic fever can be 
related to a preceding infection with a 
hemolytic streptococcus. Acceptance of this 
relationship has been slow but it is now 
widespread. 

In 1880 Heberden described rheumatic 
fever and noted that it usually followed 
acute tonsillitis. In the same year Fowler 
reported twenty cases of acute rheumatism 
preceded by tonsillitis. Five years later 
Mantle reemphasized this relationship and 
spoke of rheumatic fever as a common com- 
plication of infectious sore throat.** It 
remained for Chaedle to present in 1889 
the vagaries of clinical rheumatic fever in 
his classic monograph.?’ 

With the application of bacteriologic 
technics the streptococcus was found to be | 
the most prominent organism in the pharyn- 
geal flora preceding the rheumatic attack. 
Investigators were first interested chiefly in 
the Streptococcus viridans and a non- 
hemolytic streptococcus, After 
attention had been focused on the Strepto- 
coccus hemolyticus in scarlet fever,® and 
an antigenic classification of the strepto- 
coccus became possible,'*’ three reports 
appeared in England and in the United 
States which incriminated the hemolytic 
streptococcus, particularly of Lancefield’s 
group Coburn presented im- 
pressive epidemiologic, bacteriologic and 
immunologic evidence relating the Str. 
hemolyticus to the infectious process which 
precedes the development of most of the 
cases of rheumatic fever.*®***> Since that 
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time a voluminous literature of confirmatory 
reports has accumulated. 

Bacteriologic and epidemiologic studies 
have been made of numerous epidemics of 
sore throat followed by an appreciable 
incidence of rheumatic fever. 1% 44 59,93, 207, 259, 
271 The seasonal incidence of hemolytic 
streptococcus infection has been found to 
parallel the incidence of rheumatic fever. 
Coburn* cites many references to show the 
geographic coincidence of the two diseases 
but this relationship is not as constant as 
the seasonal incidence. In 1935 Seegal, 
Seegal and Jost reported that the incidence 
of acute glomerulonephritis was similar in 
northern and southern latitudes but that the 
incidence of hospital admissions for rheu- 
matic fever and scarlet fever was lower in the 
South.”%® These discrepancies have been 
resolved somewhat by recent evidence that 
rheumatic stigmata are rather commonly 
found at autopsy in tropical countries, and 
that clinically the disease appears to be 
much less dramatic in its symptomatology. 
In addition there is a reported increase in 
the incidence of rheumatic fever at autopsy 
in certain tropical countries. 10 109203,277 
Rheumatic fever seems to be appreciably 
frequent in North Africa. 

Many cases of rheumatic fever (about 
70 per cent in the early studies of Poynton) 
present themselves with no history of a 
preceding sore throat. ‘The existence of a 
subclinical streptococcal infection can fre- 
quently be detected by the demonstration 
of antibodies to many of the antigens of the 
streptococcus. One of the most widely em- 
ployed of these is the antibody to the 
streptococcus hemolysin “‘O,”’ defined as a 
serologically distinct entity by Todd.?® 
About 80 to 90 per cent of rheumatics 
studied in many different countries show 
a rise in the antistreptolysin (ASL) titer.** 
45,94, 133,191,207, 256,263 282 At first a pathog- 
nomonic type of curve with a delayed rise 
was thought to occur in rheumatic subjects 
but more recent studies have shown no con- 
sistent type of curve. Moreover, a slowly 
rising curve was found to occur in many 
other streptococcal infections in which the 
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antigen is found to persist, as in otitis 
media and other subacute and persistent 
infections. 146 191:256,282 

Antibodies to other antigens derived from 
the Str. hemolyticus have also been found 
in acute rheumatic fever. ‘The antifibrinoly- 
sin, or antistreptokinase of Christensen and 
MacLeod,?*! has been studied extensively as 
evidence of previous infection with hemo- 
lytic streptococci in rheumatic individu- 
als. 4:16 100, 192,260,282 Tr addition, skin sensi- 
tivity, precipitins and complement-fixing 
antibodies have been found to ‘“‘nucleo- 
protein” fractions of the streptococcus, 
although with increasing age a fair per- 
centage of normal individuals also show skin 
sensitivity to these fractions. 
169,232, 253 Skin sensitivity and precipitins to the 
type specific ‘“‘M”’ substance have also been 
described.**?4%?°> None of these antibody 
responses appears to differentiate the rheu- 
matic from other individuals with infections 
due to the Str. hemolyticus. It has been 
reported that the antibody response to the 
**S” hemolysin is less marked in rheumat- 
ics?®8 although the differences were not 
striking. The extreme lability of the sub- 
stances involved in this reaction makes 
extensive study difficult. Rantz and Ran- 
dall?°* reported the increased frequency of 
an ‘‘anti-x’’ antibody in post-streptococcal 
arthritis as compared with other post- 
streptococcal conditions. As yet there has 
been no adequate definition of the nature 
of the reported antigen to permit critical 
comment. 

Finally, evidence relating the Str. hemo- 
lyticus to the development of rheumatic 
fever is obtained from the prophylactic use 
of antibiotics such as the sulfa drugs*!!*>?°? 


penicillin.’’? The administration of 


sulfadiazine to naval trainees was accom- 
panied by a diminution of 85 per cent in 
the incidence of acute tonsillitis and of 
rheumatic fever when compared to the 
incidence in control groups.*® With the 
appearance of sulfa-resistant strains in some 
localities tonsillitis and rheumatic fever 
recurred, exhibiting their usual relationship 
to each other. 
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_ No particular strain or type of group A 
streptococcus has been shown to have the 
exclusive property of initiating a rheumatic 
attack.22° The admirable epidemiologic 
studies of the Army Air Forces Rheumatic 
Fever Control Program revealed that infec- 
tion with various types was associated with 
the subsequent development of rheumatic 
fever.'?° Indeed it has been suggested that 
rheumatic fever may be caused by infection 
with one type, followed by a subsequent 
infection with another type of hemolytic 
streptococcus.'?*?°" In several epidemics of 
streptococcus sore throat it was found that 
the incidence of rheumatic recrudescences 
was 40 to 60 per cent with all types en- 
countered except Type 4. Infection with the 
Type 4 streptococcus was followed by no 
attacks of rheumatic activity in these epi- 
demics.'** Organisms of this type were found 
to lack capsular material. One substance 
known to be present in the capsule is the 
mucopolysaccharide, hyaluronic acid.*®* It 
is peculiar that this substance, although 
widely distributed in the connective tissue 
and related mesenchymal structures of 
animals, is present in only one bacterium, 
the mucoid phase of the Str. hemolyticus of 
all types except 4 and 22. As yet, many 
attempts to detect antigenicity in hyaluronic 
acid have been futile. !22/137,229 

Despite the mass of evidence linking the 
hemolytic streptococcus to the rheumatic 
process, the latter cannot be visualized 
merely as a kind of infection with the 
streptococcus but appears to involve other 
determining mechanisms. That the strepto- 
coccal infection per se does not constitute the 
rheumatic process is apparent from the 
following observations: (1) In rheumatic 
conditions the joint fluids and blood stream 
are usually sterile.?*® (2) The frequency of 
infection with Str. hemolyticus is not paral- 
leled by a similar frequency of rheumatic 
fever. (3) The severity of the streptococcal 
infection bears no relation to the severity of 
the subsequent attack of rheumatic fever. 
Treatment of the streptococcal infection 
once it is established has little apparent 
effect on the development of the subsequent 
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rheumatic attack. (4) In almost all series 
of rheumatic fever cases there is a small 
percentage with no history or laboratory 
evidence of a preceding streptococcal infec- 
tion. In addition, recrudescences have been 
observed following various types of trauma, 
and typhoid innocula- 
tions.'* Suggestive lesions occur in humans 
with other infections. 1!%!78 (5) Streptococcal 
infection alone cannot constitute the rheu- 
matic process because such infection occur- 
ring in known rheumatic subjects is not 
followed by a recrudescence of activity in 
as many as 50 to 60 per cent of the cases. 4”: 1*° 
(6) Finally, the lack of chronologic coinci- 
dence of the two processes speaks against 
the identity of rheumatic fever and the 
infectious process. The latent period be- 
tween the occurrence of acute tonsillitis and 
the onset of rheumatic fever was first noted 
by Haig-Brown in 1899.*! “An attack of 
acute rheumatism is very frequently pre- 
ceded by one of acute tonsillitis; it may be 
as long a time as five or six weeks but more 
usually ten days to a fortnight, while as has 
been already stated, the two may be coinci- 
dent in time. In fact, it is rare to meet a case 
of rheumatic fever which has not been 
recently preceded by a sore throat.” It is for 
these reasons among others that attention 
was directed away from the infectious process 
alone and toward the allergic process result- 
ing from it, as the possible cause of rheu- 
matic fever. 


THE REACTION 


Many observers have suggested that 
rheumatic fever may be the result of an 
allergic mechanism. Menzer in 1902 sug- 
gested that rheumatic fever displayed certain 
unusual manifestations which could not 
be ascribed simply to an infectious process. 
He is credited with being the first to advance 
the theory of an allergic type of mechanism 
at a time when allergy was scarcely defined. 
Because rheumatic fever resembles the 
clinical picture of serum sickness, a disease 
which was the subject of a classic mono- 
graph by von Pirquet and Schick,?** Wein- 
traud?’*® believed that an allergic process 


AMERICAN JOURNAL OF MEDICINE 


i 


Rheumatic Fever—Fischel 


was common to both diseases. In the same 
year (1912) Escherich and Schick suggested 
an allergic mechanism after observing that 
the latent period for the development of 
rheumatic fever following scarlet fever was 
similar to that period necessary for the 
production of active sensitization or im- 
munization.® In 1914 Herry produced 
lesions similar to Aschoff nodules by re- 
peated local and intravenous injections into 
rabbits with an “endotoxin of diplococci’’ 
obtained from cases of rheumatic fever. On 
this basis he subscribed to the allergic 
hypothesis. His illustrations are rather im- 
pressive.''® He states that his experiments 
‘‘me paraissent éclairer singulierement la 
pathogenie de l’arthrite rhumatismale; elles 
permettent de l’envisage d’une facon toute 
nouvelle, grace a la theorie de l’anaphylaxie. 
Pour moi, l’arthrite rheumatismale serait un 
phénoméne d’anaphylaxie locale.” 

The experimental study of certain allergic 
reactions has led many investigators to con- 
clude that an analogous process may result 
in the tissue damage which is clinically 
manifested as the rheumatic state. These 
investigators include Zinsser,?** Swift,?4*?*° 
Klinge'*! and more recently Brun,”! Rich?!* 
and others. 

Too often the term “allergy” brings to 
mind clinical diseases such as hayfever and 
urticaria. These transient manifestations of 
the union of certain antigens with their 
antibodies should be distinguished from the 
necrotizing types of allergic reactions of 
which the chief prototypes are the Arthus 
reaction and the tuberculin reaction.** 78° 
Because these reactions cause tissue damage 
and subsequent cellular infiltration not un- 
like that which occurs in some rheumatic 
lesions, it was believed of particular interest 
that the mechanisms of these be elucidated. 
In the absence of a method for experi- 
mentally inducing rheumatic fever, these 
reactions provide an hypothetic analog of 
the rheumatic state. It would be of interest 
to consider in detail the Arthus reaction, 
bacterial allergy and a third type of reac- 
tion, isosensitization. 

The Arthus Reaction and Serum Sickness. 
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The Arthus reaction is a localized necrotic 
inflammatory response to the union of 
certain antigens with antibody. It is similar 
in many respects to anaphylaxis and has 
unfortunately been called locai anaphylaxis 
with no little confusion of terminology. In 
each reaction circulating antibody is demon- 
strable and bears a distinct relationship to 
the production of the particular lesions. 
The quantitative relationships of the two 
reactions have been reviewed by Kabat.!?9 
Anaphylaxis is in part mediated by his- 
tamine or some similar substance, presum- 
ably released from cells in the presence of 
the antigen-antibody complex.?*! The end 
organ in anaphylaxis is smooth muscle, 
particularly in one or another locale accord- 
ing to the species of animal studied.?%° In 
the rabbit the Arthus reaction appears to 
affect the smooth muscle of the blood 
vessels.1 The Arthus reaction, originally 
produced in the skin, is a more intense and 
persistent process of an inflammatory nature. 
By the use of a single protein antigen and 
known amounts of the homologous anti- 
body, as determined by the quantitative 
precipitin technic of Heidelberger and 
Kendall, it has been demonstrated that the 
severity of the Arthus lesion appears to be 
directly related to the amount of antibody 
available to the site of injected antigen.” 
The Arthus reaction has been most widely 
studied in the skin but it reflects the union 
of antigen with antibody at any site in the 
body. Friedberger*®* was the first to produce 
an aseptic arthritis by the intra-articular 
injection of a foreign protein, horse serum, 
into sensitized rabbits. Since then the 
Arthus type of reaction has been produced 
experimentally in many sites, including 
heart and pericardial sac,* !°*?%* joints,?""!*° 
brain,®® kidney,’ eye,*** lungs,?43?% 
liver, !°* 155 isolated blood vessels'** and even 
the vermiform appendix.’* Other studies of 
local hypersensitivity in different sites have 
been reviewed by Seegal, Seegal and Jost.?*° 

Clinically the Arthus reaction has its 
parallel in serum sickness in which residual 
antigen is known to unite with antibody 
throughout the body. 127157 158,170,204 Clark 
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and Kaplan demonstrated mesenchymal 
alterations occurring in serum disease in 
man.** Generally the lesions were not as 
dramatic as those found in experimental 
work. Besides the local Arthus reactions 
mentioned above, numerous studies have 
been made of the systemic or serum sickness 
type of reaction after injections of foreign 
proteins into animals. In 1917 Boughton 
injected guinea pigs with egg white or beef 
serum repeatedly and found degenerative 
lesions in all of the livers and spleens and 
in two-thirds of the kidneys and hearts.'’ 
Klinge and his school have published ex- 
tensively on this type of experimental pro- 
cedure, particularly in Virchow’s Archiv 
1929-1939. The ‘“‘hyperergic reaction” 
is a supposed ‘“‘morphological equivalent”’ 
of rheumatic lesions.?*° The list of other 
workers who have employed the serum 
sickness type of technic locally and systemi- 
cally includes Vaubel,?®’ Roessle,??° Brun?! 
and Rich.?'* Of particular interest is the 
work of Hawn and Janeway.*"! These in- 
vestigators injected different fractions of 
plasma proteins—crystalline bovine albumin 
and highly purified gamma globulin—into 
rabbits. The former substance resulted in 
periarteritis-like lesions while the globulin 
gave predominantly renal lesions. The 
temporal relationships also differed in the 
development of these lesions, much as they 
did in the work of Doerr and Berger.?*° 
Serologic reactions appear to have a 
specificity not only in vitro'*® but, to a 
certain degree, in vivo. 

Bacterial Allergy and Tissue-fixed Antibodies. 
The tuberculin reaction is the prototype for 
the bacterial allergic reaction.®® 784286 [t is 
not transferable with serum of the sensitized 
animal nor can precipitins be demonstrated 
in the serum. Rather, it appears that the 
sensitizing agent, an antibody in the true 
sense of the word, is fixed to cells of the host. 
Washed cells from a peritoneal exudate can 
transfer the sensitivity?’ and in this respect 
it is similar to the allergy to simple chemical 
compounds. '**:?88 Sensitive white cells are 
lysed by exposure to the antigen’! and the 
growth of connective tissue or bone marrow 
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cell cultures can be inhibited by exposure 
to the specific antigen.®?!’ Cell cultures 
from an animal sensitive to horse serum and 
tuberculin were affected only by the latter.°® 
The specificity of the reaction has been cor- 
roborated.'** Similarly the cells of animals 
sensitive to a “nucleoprotein” extract of 
streptococci were found to be inhibited by 
exposure to this antigen.'*’ Lurie’s work’®’ 
in this connection is particularly pertinent. 
Mononuclear cells from rabbits immunized 
to tuberculous infection preserved their 
power to inhibit the growth of tubercle 
bacilli when transplanted to the anterior 
chambers of normal rabbit eyes. Similar 
cells from normal rabbits did not possess 
or acquire this property, even when placed 
in the anterior chamber of the eye of an 
‘‘immunized” animal or suspended in the 
serum of such an animal. 

The lesions produced in the Arthus and 
tuberculin reactions are the subject of some 
discussion. Opie described multiple small 
thromboses as the basic lesion in the Arthus 
reaction which then cause cell death sec- 
ondarily and subsequent polymorphonu- 
clear leukocytic infiltration.'°* This is in 
accord with Gerlach’s observation that the 
Arthus reaction is not dependent on the 
leukocytic infiltration but can occur in 
agranulocytosis.°° The tuberculin reaction 
has been described by Dienes and Mallory 
as chiefly mononuclear in character, even 
early in the development of the lesion.*’ 
This was confirmed by Lurie!®! and by 
Feldman and Fitch,’? but Rich and Follis??® 
found that polymorphonuclear cells pre- 
dominated. Sabin??? has shown very im- 
pressively that different cellular infiltrations 
result when various fractions of the tubercle 
bacillus are injected into sensitized animals. 
It would appear that the reaction depends 
on the chemical constitution and toxicity 
of the antigens employed, the amount of 
antigen and antibody uniting, the speed of 
the reaction and the site at which it occurs. 
These observations again emphasize an 
aspect of the specificity of immunologic 
reactions in vivo. 

Not only can the antibody of the tuber- 
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culin reaction be demonstrated on the cells 
of the host but the cells of the inflammatory 
reaction appear to be responsible in great 
part for the production of this particular 
type of allergic reaction. Antigens which 
ordinarily produce circulating antibody 
and an edematous wheal and erythema 
type of response are said to have elicited a 
tuberculin type of response.** 1% If egg 
albumin is injected into a tuberculous focus, 
the subsequent injection of egg albumin 
does not elicit the same type of reaction as 
is induced in animals sensitized to egg 
albumin according to the usual technic. 
Rather a delayed reaction results, similar 
to the tuberculin or severe Arthus reactions. 
The production of an increased amount of 
antibody to egg albumin injected into a 
tuberculous site may account, in part, for 
the stronger reaction.’*! The route of 
sensitization is known to affect the type of 
allergic response, the potency of the anti- 
genic stimulus and the type of antibody 
produced. Thus the intravenous adminis- 
tration of antigens was found to result in 
an immune type of skin reaction to the 
antigen, while subcutaneous administration 
resulted in an allergic inflammatory skin 
test.'° The C substance of the streptococcus 
is an effective antigen when introduced 
intravenously but not subcutaneously.?*? 
Using rabbit globulin, Treffers, Heidel- 
berger and Freund?*: showed that intra- 
venous administration in the horse resulted 
in a characteristic precipitable antibody. 
The subcutaneous administration of the 
same antigen gave rise to low grade “‘uni- 
valent’’ antibody which did not precipitate 
with the soluble antigen. 

These studies are in accord with the view 
that antibodies are not produced by any 
single cell type but may be elaborated by 
almost any cell exposed to the proper 
stimulus. Local tissue immunity has been 
the subject of many investigations.*’ Many 
cells, including the highly specialized cells 
of the central nervous system!?% 13%199 the 
skin epithelium** and mucous membranes?®® 
have been thought to retain certain basic 
mechanisms such as sensitization to previ- 
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ously encountered noxious stimuli. Antibody 
has been clearly demonstrated in corneal 
tissues sensitized locally when no circulating 
antibody was demonstrable.?** It should be 
emphasized that all these cells need not con- 
tribute to the circulating antibody. The 
latter may well originate from certain cell 
types, ”* particularly the cells of the reticulo- 
endothelial system®*** plasma cells,'? and 
perhaps other cells in the lymph nodes. °'6% 16? 
Such cells appear to have potentialities to 
become various cell types of mesodermal 
origin. The inflammatory cells of the classical 
rheumatic lesion, the Aschoff nodule, may 
belong to this cytologic family.** 9% 16 166 
The tuberculin reaction has served as a 
pattern for attempts at the experimental 
production of rheumatic fever. When living 
organisms are injected, it is not unlikely 
that the resulting disturbance may in part 
be due to an allergic reaction; however, the 
damage done by the living organism and 
its toxins frequently confuses the picture. It 
is therefore easier to evaluate lesions in 
which only the sterile products of organisms 
or killed organismsare employed. Magrassi*' 
reported that the repeated injection of dead 
streptococci gave lesions highly suggestive 
of rheumatic fever. Subsequently, it is stated 
that some of his lesions may have been due 
to septicemia.”/° Faber’? in 1915 and later 
Hitchcock, Camero and Swift!!’ used re- 
peated injections of living and dead strepto- 
cocci, as did Clawson,*’ and obtained some 
perivascular and granulomatous lesions. 
Recently Swift?4°** showed that repeated 
intradermal infections of rabbits with hemo- 
lytic streptococci occasionally resulted in 
striking cardiac lesions. A pathway for the 
experimental production of rheumatic fever 
is indicated by this type of study if it were 
demonstrated that non-viable fractions of 
the streptococcus could produce such lesions, 
and that infections with other organisms did 
not result in this type of reaction. When 
tubercle bacilli were injected into the peri- 
tonsillar region of rabbits and the animals 
subsequently injected intravenously with 
the organisms, lesions of a rheumatic nature 
were also reported.* Products of the strepto- 
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coccus and other organisms have been 
used for the production of visceral and 
vascular lesions of allergy.''®78’ After an 
extensive review and original work, Gross, 
Loewe and Eliasoph concluded that lesions 
produced by this type of technic are not 
characteristic rheumatic lesions. 

Both the Arthus and tuberculin types 
of reaction have been employed as basic 
patterns for attempts at the experimental 
production of rheumatic fever. While these 
studies are not conclusive and have been 
challenged,’ they are highly suggestive. 
They demonstrate that allergic reactions of 
the necrotizing variety can be produced in 
this way and that in certain instances and 
certain sites particular cells may be inti- 
mately sensitized without evidence of such 
sensitivity in the serum, as im the tuberculin 
reaction. The pattern for the suggested 
pathogenesis of rheumatic fever thus has a 
foundation in the basic mechanisms of these 
allergic reactions. 

Tsosensitization and Autosensitization. Other 
technics have been employed in the study 
of the pathogenesis of rheumatic fever. The 
Arthus technic classically employs a foreign 
antigen and the host’s antibody, and the 
reaction may occur on any tissue surface, 
with damage to the cells of that vicinity. 
When the surface itself is made the antigen, 
a more selective lesion may obtain. The 
studies of Masugi,’’’ Smadel and Farr??? 
and Seegal and Loeb?*' on nephrotoxic 
nephritis basically employ the host’s tissue 
(kidney or placenta) as antigen and use a 
heterologous antibody. Attempts to do the 
Same, using heart or connective tissue as 
antigen, have proved less fruitful.’%*? 74 
One of the constituents of connective tissue is 
the mucopolysaccharide hyaluronic acid. 
Unsuccessful attempts have been made to 
detect antibodies to this substance. It has 
been suggested that the failure of hyaluronic 
acid to function as an antigen or hapten 
might be accounted for by the fact that the 
substance occurs normally throughout the 
mammalian organism. 122 187,229 

Finally, attempts have been made to em- 
ploy antigen and antibody derived from the 
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same species—the autoantibody system. In 
1933 Burky found that rabbits sensitized to 
staphylococci also developed sensitivity to 
the muscle tissue of the broth in which the 
staphylococci were grown.”? The observa- 
tion was extended and it was found that 
staphylococcal toxin exerted a type of ad- 
juvant, or synergistic effect, which con- 
ferred a greater power of antigenicity to 
rabbit muscle, lens and uveal tissue in 
rabbits.'°® The observation that rabbits do 
have a circulating autoantibody'**® has been 
attributed to the fact that only the older 
rabbits displayed these antibodies, and they 
presumably had had infections which may 
have produced the phenomenon naturally.'?* 
Generally the streptococcus has not been 
as potent an adjuvant as the staphylococ- 
cus, 228-252 However, Cavelti reported that 
dead streptococci mixed with rat kidney 
produced autoantibodies and renal lesions 
similar to glomerulonephritis in rats. His 
report on the parallel technic for the pro- 
duction of autoantibodies to rat heart?® does 
not have as dramatic illustrations as those 
of renal lesions. In our experience the 
results of this type of experiment are incon- 
stant. The most frequent lesions encountered 
were granulomas of the lung.’* These and 
other abnormalities occurred with Freund’s 
emulsion and tubercle bacilli alone. Re- 
cently, Peck and Thomas reported the 
failure to produce rheumatic-like lesions 
using tissue extracts, streptococci and adju- 
vants.”°! The analogous experiment with 
homologous brain tissue and the adjuvants 
of Freund and McDermott®' produces 
striking lesions in the central nervous system 
of monkeys. '3!'189 

Clinically, isoantibodies do frequently 
cause damage to humans in such situations 
as erythroblastosis fetalis, the Donath- 
Landsteiner phenomenon, acquired hemo- 
lytic icterus and occasionally cold aggluti- 
nation. However, the commonly observed 
Wassermann antibody in syphilis is an 
antibody to a constituent of normal tis- 
sues**8>274 and does not appear to produce 
widespread tissue damage, nor does the 
naturally occurring antibody to rabbit tis- 
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sues appear to be a detrimental influence 
to the rabbit.'#° 

Lack of Specificity of the Pathology of Necrotiz- 
ing Allergies. ‘The criteria for the establish- 
ment of the relationship of allergy to 
certain infectious diseases have been dis- 
cussed by Opie.'*’ Substantial difficulties 
are present in any attempt to ascribe an 
allergic basis for the manifestations of 
readily diagnosable infectious diseases. In 
the consideration of rheumatic fever these 
difficulties are increased by the additional 
uncertainty attendant upon the clinical 
definition of the rheumatic state. Reports of 
the experimental production of rheumatic 
fever have met with several cogent criti- 
cisms. Unfortunately, the diagnosis of rheu- 
matic fever clinically does not involve any 
single pathognomonic finding. In animals 
the criteria for the production of the rheu- 
matic state are even more confusing and 
usually rest on the lesions produced. Again 
and again it becomes necessary to recall the 
axiom that the body can react in but a 
limited number of ways to numerous and 
varied stimuli. Viruses may cause cell 
proliferation or cell death, with attendant 
secondary effects on blood supply and 
cellular infiltration. Various other infectious 
agents, neoplasms and physical stimuli can 
cause similar pictures. Many chronic infec- 
tions and some acute ones present the 
well known perivascular ‘accumulation of 
lymphocytes and mononuclear cells. Ex- 
perimentally and clinically, this has been 
seen with all types of pyogenic bacteria, 
acid-fast bacilli, viruses, etc. 71979 144 173.194, 
239,266 Qeller!®® showed that perivascular 
accumulation of mononuclear cells occurred 
within an hour after injection of avian 
erythrocytes into guinea pigs. In acute 
reactions the perivascular and intravascular 
lesions resemble those of periarteritis no- 
dosa. !4#:182:216 Such lesions have been found 
in a-variety of conditions such as asth- 
ma,?’® gonococcal septicemia!'* and sulfa 
sensitivity.?!4 

This lack of versatility on the part of the 
body in reacting to many injuries is em- 
phasized by students of Klinge and more 
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recently by Klemperer!*® and Selye.?*’ The 
criteria for the establishment of an allergic 
process as the cause of a disease cannot, 
therefore, be as specific as the criteria 
postulated by Koch for the determination 
of the etiologic agent in infectious disease. !*" 
However, within limits, there does appear 
to be a certain specificity of immunologic 
reactions in vivo, as was noted previously. 

Rheumatic fever has been diagnosed by 
a number of morphologic changes:*!* 
(1) There is, at first, swelling and “‘fibrinoid”’ 
degeneration in the ground substance sur- 
rounding the connective tissue fibrils.'4%*! 
254 (2) The site of the reaction is chiefly in 
the connective tissue, usually in the septa 
of the heart and around blood vessels 
although there is adequate clinical and 
pathologic evidence that the disease is wide- 
spread throughout the body.'4?!%198 (3) 
Round cell infiltration of a non-specific 
nature occurs, as discussed above, along 
with proliferation and hyperplasia of the 
connective tissue cells and the appearance 
of ‘‘specific’’ Aschoff cells. These latter cells 
may be a type of plasma cell or a derivative 
of the cardiac connective tissue cell.”’*°"?* 
165,243 The specificity of these cells, so 
strongly maintained by Aschoff,’ is open 
to question. (4) Finally, hyalinization and 
scar formation occurs in the collagenous 
septa or in the connective tissue of the 
cardiac valves. 

The sequence of these lesions has been 
debated*® but each or all of them are used 
by experimental workers as criteria for 
‘“‘rheumatic”’ activity. However, these lesions 
can be produced singly or in combination 
by various stimuli: physical (pinching the 
skin?®*), chemical (allyl amine,®* benz- 
pyrene,’*’ nitrites!*!), hormonal (adrenal 
hormones, thyroxin,!*! 
and other stimuli.!** Various infections, as 
previously stated, and in addition “malig- 
nant” hypertension, scurvy 226 and 
other severe systemic illnesses give rise to 
some of these lesions. Indeed, these stigmata 
may be quite common, for Hall and Ander- 
son report that rheumatic stigmata were 
found in about 90 per cent of 112 hearts 
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studied minutely although none showed 
evidence clinically or grossly of rheumatic 
fever.'°? *‘Spontaneous’’ cardiovascular 
lesions occur frequently in rabbits and 
rats'®*?’8 and are probably the result of 
naturally occurring infections. Chronic val- 
vular disease, similar to that produced 
clinically by rheumatic fever, has not been 
produced by the experimental procedures 
discussed above. This lesion has been ob- 
tained only after the use of living organisms, 
which presumably cause an acute septic 
endocarditis and then a healed or chroni- 
cally infected scarred valvulitis.*° 

Subcutaneous nodules and erythema no- 
dosum are other lesions which have been 
studied in an attempt to elucidate the 
mechanism of production of the rheumatic 
state. Here again there is a lack of specific 
histologic character and a variety of clinical 
and experimental conditions associated with 
the appearance of these lesions.'** These 
preclude a definitive statement concerning 
the specific role of the experimental pro- 
cedures said to induce the lesions. ‘Trauma 
and the subcutaneous injection of the pa- 
tient’s own blood have been employed to 
induce the formation of subcutaneous nod- 
ules'’® but another investigator failed to 
repeat this observation.'®’ Injections of a 
proteolytic enzyme have also been reported 
to stimulate the formation of subcutaneous 
nodules.'*® Subsiding erythema nodosum 
was reactivated in tuberculous patients by 
the injection of old tuberculin.*® A similar 
phenomenon has been observed in rheu- 
matic subjects injected with streptococcal 
nucleoprotein. *° 


CLINICAL STUDIES CONCERNING THE ALLERGIC 
MECHANISM IN RHEUMATIC FEVER 


The evidence that an allergic type of 
mechanism may produce the rheumatic 
process is strongly suggestive but, as yet, 
only suggestive. It is based chiefly on the 
clinical aspects suggesting allergy (latent 
period, etc.) previously cited and the 
morphologic analogy between rheumatic 
lesions and those produced by necrotizing 
allergic reactions in experimental animals. 


Clinical studies of rheumatic patients have 
usually served to substantiate the occur- 
rence of a preceding streptococcal infection 
by documenting the appearance of circulat- 
ing antibodies or skin sensitivity in rheu- 
matic patients. However, these responses do 
not appear to differ qualitatively or quanti- 
tatively from those of normal individuals 
with streptococcal infections, particularly if 
the infection is persistent. To determine the 
antigens or antibodies involved in the pre- 
sumed allergic reaction would serve to 
establish a pathognomonic basis for the 
allergic hypothesis. There are relatively few 
reports on work of this type. These are 
chiefly concerned with attempts to demon- 
strate antibodies in rheumatic patients not 
found in other individuals recovering from 
streptococcal infections. 

The Phase Reaction. In 1939 Coburn and 
Pauli reported that following a sore throat 
in a rheumatic subject a substance called a 
“‘precipitinogen”’ appears in the serum and 
precipitates with a component of the serum 
taken during the subsequent rheumatic 
attack.*® Because the reaction appeared to 
occur when serum taken during phases I and 
11 (the sore throat and the latent periods) 
was mixed with serum from phase m1 (the 
period of rheumatic activity), it has been 
called the ‘‘phase reaction.””’ Wedum and 
Wedum confirmed some of these observa- 
tions but founda greater degree of non- 
specificity for the reaction and a different 
time relationship for the appearance of the 
presumed antigen and antibody.?’* This 
phenomenon was further studied with 
various control tests’’ and was found to be 
non-specific and irregularly reproducible. 
Further, it appears that when precipitation 
does occur it does not present the charac- 
teristics of the usual precipitin test nor lend 
itself to passive transfer, dilution or com- 
plement fixation tests. It cannot, therefore, 
be considered an antigen-antibody reaction. 

Autoantibodies in Rheumatic Fever. Other 
clinical findings suggesting an_ allergic 
mechanism in rheumatic fever have been 
reported. The concept of an autoantibody 
in rheumatic fever was suggested by Brok- 
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man, Brill and Frendzel.?° These investi- 
gators found that sera from rheumatic 
patients fixed complement when mixed 
with an extract of liver obtained at the 
autopsy of a rheumatic individual. Sera 
from other diseases did not fix complement 
with this “‘antigen.”? Unfortunately, anti- 
complementary controls were not reported. 
It is well known that tissue extracts are 
frequently anticomplementary, as are, oc- 
casionally, rheumatic and other sera in 
certain concentrations. Complement fixa- 
tion is reported to occur with liver tissue 
and the sera from some normal individuals 
as well as those with a variety of illnesses. ®° 
In our experience”’ no evidence of comple- 
ment fixation was found in dilutions of 
rheumatic serum and of tissue extracts that 
were not anticomplementary alone. If com- 
plement fixation occurred, it would be dif- 
ficult to distinguish the reaction from a 
non-specific false positive Wassermann type 
of reaction. The same criticism applies to 
many attempts to demonstrate autoanti- 
body reactions with tissue extracts. Cavelti?® 
employed the collodion particle technic to 
detect agglutination of antigen by anti- 
body. One of four normal (i.e., non- 
rheumatic) hearts used as antigen reacted 
strongly with sera from twenty-seven of 
thirty-six rheumatic patients studied. Sub- 
sequently Cavelti could not reproduce the 
phenomenon with other heart preparations 
(personal communication). 

Using the technic of Cavelti it has been 
observed that collodion particles coated with 
various tissue extracts, particularly from 
lung, kidney and tonsil, were agglutinated 
by a few rheumatic sera but more regularly 
by syphilitic sera.’’ Therefore, the possi- 
bility continues that the reaction noted is 
similar to a biologically false positive floccu- 
lation test for syphilis. It is of interest that 
the Wassermann antigen is a constituent of 
normal tissue.°*?’* The occurrence of bi- 
ologically false positive Wassermann reac- 
tions in many diseases has been reviewed by 
Davis.** Another possible explanation of 
the positive reactions is that bacterial con- 
tamination of the tissues used may serve as 
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antigens for antibodies in the sera. Thus, 
collodion particles mixed with an extract 
of tonsillar tissue were regularly agglutinated 
by some sera as might be anticipated since 
the tonsils had been infected with hemolytic 
streptococci. 

Serum Complement in Rheumatic Fever. ‘The 
fixation of complement by many antigen- 
antibody aggregates in the test tube (phe- 
nomenon of Bordet and Gengou®**) suggested 
a third experimental approach to the docu- 
mentation of anallergic process in rheumatic 
fever. Serum complement, normally main- 
tained with little variation, has been ob- 
served to fall in anaphylactic shock®* when 
sheep cells and amboceptor are injected into 
guinea pigs!?* and in serum sickness. ??! 

In the study of rheumatic fever there 
has been disagreement and confusion as to 
the activity of srrum complement. Veil and 
Buccholtz,?®* Coburn,*?? Rachmilewitz and 
Silberstein?°* and others have reported a low 
complement content of the serum in some 
cases of rheumatic fever, which rises to 
normal with subsidence of activity. ‘This has 
been cited as evidence of the occurrence of 
an antigen-antibody reaction in rheumatic 
fever. ‘There are several causes for a low 
serum complement other than fixation by 
antigen-antibody aggregates. Decreased pro- 
duction of complement is said to occur in 
liver disease and perhaps in many terminal 
illnesses. Also, complement levels may be 
diminished by the presence of inhibitory or 
anticomplementary substances in the serum. 
Anticomplementary sera are occasionally 
found in routine Wassermann tests. The na- 
ture of the substances responsible for the in- 
hibition or inactivation of complement is not 
clear. One such substance may be gamma 
globulin, a relative preponderance of which 
Causes serum to become anticomplemen- 
tary.®> 

Predominantly normal or slightly low 
levels of complement in rheumatic fever 
were reported by Kellett and Thompson'*® 
and more recently by de Gara and Gold- 
berg.8® On the other hand, high values 
during the early period of rheumatic ac- 
tivity were noted by MHadjapoulos and 
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Burbank in 1928.'°' In this respect rheu- 
matic fever did not differ from other febrile 
illnesses which they studied. The variety of 
results obtained by different investigators 
may be attributed in part to the variety of 
technics employed and the lack until 
recently of a reproducible quantitative 
method for the determination of comple- 
ment. A _ satisfactory and _ reproducible 
method was described by Mayer, Osler, 
Bier and Heidelberger in 1946.!7° The 50 
per cent hemolytic unit of complement is 
determined spectrophotometrically in the 
presence of optimal quantities of magnesium 
and calcium. Employing this technic fifty 
cases of active rheumatic fever were studied 
serially.‘“ Only two showed an_ initial 
depression of serum complement, which 
gradually became normal. In the remaining 
cases elevated complement levels were found 
similar to the elevated complement content 
of sera from various illnesses including 
pneumonias and penicillin sensitivity. Since 
there is an elevation of complement in 
certain allergies studied, the high comple- 
ment content of most of the rheumatic sera 
does not preclude the possibility that 
rheumatic fever may also be an allergic 
reaction. However, the presence of an ele- 
vated complement level in these sera 
contradicts the suggestion that the low 
levels previously reported are experimental 
evidence of an allergic process. 


ATTEMPTS TO ALTER THE REACTION 


“Specific” Measures. Specific desensitiza- 
tion or immunization of the host to an 
offending antigen would make more ac- 
ceptable the hypothesis that rheumatic fever 
is the result of an allergic process. However, 
it is difficult if not impossible to desensitize 
or immunize to bacterial allergic reac- 
tions!**230264 and, in instances in which 
this has been achieved, periods of non- 
reactivity to injected antigens are only 
temporary. Furthermore, non-reactivity of 
the skin may depend on non-specific factors 
such as vascularity while the basic sensi- 
tivity of other tissues remains unaltered. 
Thus, in the presence of a negative skin 
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reaction to tuberculin, explants of splenic 
tissue culture showed sensitivity to tubercu- 
lin.!!* Attempts at specific desensitization or 
immunization of rheumatic subjects with 
streptococcal antigens have been reported 
to be of some benefit?”° but were abandoned 
after trial by others.4”?4%?8! Active im- 
munization, in order to be possible, would 
obviously depend upon the characteristics 
of the particular antigen employed. 

Unlike the attempts at desensitization 
or immunization, avoidance of the sus- 
pected antigen appears to have been more 
beneficial. Chemoprophylaxis against the 
streptococcus, as discussed previously, has 
become a valuable instrument in _ the 
management of rheumatic fever. *! 

Non-specific Measures. Many agents have 
been used in the treatment of rheumatic 
fever but few have remained as constantly 
in use as have the salicylates and others of 
the so-called antirheumatic group of drugs. 
Salicylates have been employed for many 
years, usually in dosage approaching the 
limit of tolerance. Despite the popularity of 
the salicylates and their dramatic effect on 
fever and arthralgia, their basic efficacy has 
been questioned.**'’® In the opinion of 
many, salicylates do decrease the severity 
of the disease if administered early and 
perhaps shorten the course of the illness as 
well. The mechanism of the action of 
salicylate has remained obscure despite its 
widespread use over so long a period of 
time. Investigators have sought for an 
action more specific to the rheumatic 
process than the antipyretic and analgesic 
properties of salicylates. In relation to 
immunity, salicylates have been said to 
impair antibody production.''*?*? How- 
ever, the differences reported were not 
striking for the technics employed. The 
formation of antibodies to typhoid vaccine 
in rheumatic subjects on salicylate therapy 
was apparently inhibited’?* as compared 
with the formation of antibodies in normal 
subjects not on salicylates, a rather unsatis- 
factory control group. Salicylates caused 
diminished inflammation at the site of 
injection of the typhoid vaccine and this 
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may also account for differences observed, 
since in certain instances inflammation 
appears to augment antibody production. ®! 
Fischel and LeMay (unpublished) im- 
munized four rabbits with crystalline egg 
albumin intravenously and administered 
large doses of salicylate three times daily 
for four to eight weeks. The amount of 
specific antibody, as determined by the 
quantitative precipitin technic,'!? was com- 
parable to the amount of antibody in the 
sera of six animals similarly immunized but 
not treated with salicylate. 

Another hypothesis for the mechanism of 
action of salicylates that has been suggested 
is that it interferes with the union of antigen 
and antibody.*® In the test tube, less pre- 
cipitin was found between egg albumin and 
anti-egg albumin in the presence of sali- 
cylate. The extent of this inhibition is slight 
in relation to the degree of error inherent 
in the quantitative precipitin technic, and 
salicylates were employed in approximately 
ten times maximal concentrations achieved 
in vivo. In animals and in humans there 
appeared to be no inhibition of allergic 
reactions of the Arthus and bacterial types 
by salicylates.” 

Clinical and experimental data have 
shown no effect of various antihistamine 
compounds on rheumatic fever or on ex- 
perimental necrotizing allergies.’*’* How- 
ever, an unusually potent antihistamine, 
phenergan, possessing other anti-inflamma- 
tory properties was found to inhibit the 
Arthus reaction.'™ 

Recently Hench and his _ co-workers 
demonstrated that cortisone or adreno- 
corticotrophic hormone (ACTH) produces 
a dramatic defervescence of activity in 
rheumatoid arthritis and rheumatic fever. 
The mechanism of action of these hormones 
is still obscure but speculation concerning 
the effect of these hormones on immune 
mechanisms has been advanced.?°* Two of 
several steps in the development of immunity 
have been studied. ACTH was found to 
have no influence as an anamnestic stimu- 
lus on the production of antibody’® and did 
not affect the tissue damage resulting from 
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the union of antigen and antibody zn vivo 
in the Arthus and anaphylaxis reactions 
studied by passive, quantitative methods, ’* 
2412 or in anaphylaxis induced after active 
immunization.!*°* However, the efficacy of 
these hormones in clinical hay fever and 
asthma, noted incidentally in the course of 
treatment of rheumatoid arthritis and other 
conditions, suggests that an effect on im- 
mune mechanisms is present, and that this 
effect may also be one of the modes of action 
of these hormones in rheumatic diseases. 
The experimental study of this hypothesis 
should prove intriguing. 


SUMMARY 


Rheumatic fever occurs in certain pre- 
disposed individuals but the incidence in 
some epidemics, and of subclinical cases, 
appears to exceed estimates based on genetic 
studies. There is a definite relationship to a 
preceding infection with the group A 
hemolytic streptococcus in the great majority 
of cases of rheumatic fever adequately 
studied. However, for many reasons sum- 
marized the infection does not appear to 
play more than an initial role in the rheu- 
matic process; rather, a host reaction or 
allergy to the infection, as has frequently 
been suggested, is probably the basis for the 
development of the disease. 

Various kinds of necrotizing allergic 
reactions are reviewed with reference to the 
mechanisms initiating them. The Arthus 
type of reaction is related to a circulating 
antibody and has its clinical counterpart in 
serum sickness. It has been used extensively 
as a pattern for attempts at the experi- 
mental production of rheumatic-like lesions. 
The bacterial allergic reactions are distin- 
guished by having fixed tissue antibodies. 
They have also been used as patterns for ani- 
mal experimentation. Other experimental 
approaches involve the use of isoantibodies 
(cytotoxic antibodies) and autoantibodies. In 


the absence of other than morphologic 


criteria, the specificity of the experimentally 
induced lesions is not adequately established. 
They cannot, therefore, be unequivocally 
identified with the lesions of the rheumatic 
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state although they suggest by analogy that 
lesions similar to those seen in rheumatic 
fever may be induced by various allergens. 

Clinical studies are reviewed which 
attempt to define an allergic process in 
rheumatic patients. Technics involving the 
detection of isoprecipitins and autoanti- 
bodies do not appear constant or specific in 
this respect and may reflect the occurrence 
of biologically false positive Wassermann 
reactions. In the study of srrum complement 
in rheumatic fever various technics have 
given variable results. A predominantly 
high complement level in rheumatic fever 
was found in a recent study. This does not 
exclude the occurrence of an allergic reac- 
tion of the fixed tissue type because several 
cases of drug allergy also presented high 
complement levels. There is, as yet, no 
clinical test for the detection of an allergic 
reaction in rheumatic individuals that does 
not occur in patients recovering from a 
streptococcal infection or certain other 
diseases. 

Finally certain measures employed in 
rheumatic fever are reviewed with respect 
to their effect on antigen-antibody reactions. 
Specific desensitization with the hemolytic 
streptococcus has been of doubtful value. 
Salicylates are usually effective in producing 
a remission of rheumatic activity. However, 
they apparently do not act on antibody 
producing mechanisms or by altering the 
severity of known allergic reactions. The 
dramatic effectiveness of cortisone or ACTH 
in the rheumatic diseases should prove ex- 
tremely valuable in the future study of the 
pathogenesis of these diseases. The role of 
these hormones in immune mechanisms, as 
well as other processes, has yet to be fully 
studied. 


For their encouragement and criticism the 
author is sincerely grateful to Drs. A. R. Dochez, 
E. A. Kabat, C. A. Ragan and B. C. Seegal. 
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Seminars on Antibiotics 


Bacitracin’ 


FRANK L. MELENEY, M.D. and BALBINA A. JOHNSON, B.A. 
New York, New York 


HE antibiotic, bacitracin, is pro- 

duced by the Tracey I strain of 

Bacillus subtilis which was dis- 
covered in June, 1943, in the Laboratory of 
Bacteriological Research of the Department 
of Surgery, College of Physicians and Sur- 
geons, Columbia University.! The organism 
was recovered from the damaged tissue and 
street dirt débrided from the compound 
fracture of a seven year old child by the 
name of Tracey. The antibiotic was there- 
fore named “bacitracin.” 


PROPERTIES OF THE ORGANISM 
AND ITS FILTRATE 


Dr. Kenneth Burdon of Baylor University 
has studied the cultural characteristics of 
this organism and has classified it as a B. 
licheniformis but as far as the authors know, 
no other strain of this species has been found 
able to produce this antibiotic. The active 
principle is secreted into any medium in 
which the organism will grow but the 
amount of the antibiotic depends upon the 
composition of the medium, the condition 
of the seed cultures and the circumstances 
of incubation. The organism forms a thick 
pellicle on the surface of the media but very 
little active principle can be obtained from 
this bacterial mass. The active agent is 
readily obtained in the filtrate of the de- 
canted media after passage through a 
Chamberland, Berkefeld, Selas or Seitz 
filter. 

Preliminary studies of the filtrate showed 
that it had a powerful antibiotic action with 
a wide antibacterial spectrum. (Table I.) 


When produced on a glutamic acid synthetic 
medium, bacitracin showed no toxicity 
when injected into laboratory animals in 
fairly large quantities over a long period 
of time. It was then found to be non-toxic 
and non-irritating when injected in small 
quantities into human beings. It was found 
to be capable of controlling experimental 
hemolytic streptococcal peritonitis in mice 
when injected subcutaneously several hours 
after the intraperitoneal injection of the 
organisms, thus indicating that it was ab- 
sorbed and could reach an area of infection 
some distance away from the site of injec- 
tion. It was also able to prevent gas gan- 
grene following the intramuscular injection 
of Clostridium welchii in guinea pigs.’ 
Furthermore, it was capable of promptly 
controlling infections such as furuncles, car- 
buncles and superficial abscesses when 
injected into the center of such lesions in 
human beings. 

The extraction and partial purification 
of bacitracin was carried out by Dr. Herbert 
Anker of the Department of Biochemistry 
with the advice and counsel of Professor 
Hans Clarke. These studies were reported 
by Anker, Johnson, Goldberg and Meleney 
in 1948.? 


CHEMICAL PROPERTIES OF LABORATORY 
BACITRACIN 


The chemical properties of the laboratory 
product were found to be as follows: 

Stability. Partially purified neutral or 
slightly acid (pH 6.6) aqueous concentrates 
of bacitracin prepared by the butanol 


* From the Laboratory for Bacteriological Research, Department of Surgery, College of Physicians and Surgeons, 
Columbia University, and the Presbyterian Hospital, New York, N. Y. Part of this work was done under a contract 
between Columbia University and the Office of Scientific Research and Development of the United States and the 
Medical Research and Development Board of the Surgeon General of the Army, and part was done under grants in 


aid from the United States Public Health Service. 
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method showed no detectable change in 
titer after storage for eight months to one 
year at temperatures of 0° to 5°c. At room 
temperature there was a loss of 30 to 50 per 
cent of the activity after a two weeks’ storage 
period but neutral, inorganic salt-free solu- 
tions were dried at room _ temperature 
without loss of activity. Inactivation was 
complete after two weeks at 35° to 37°%c. 
Bacitracin solutions were stable to normal 
hydrochloric acid at 0° to 5°c and to 0.01 
normal hydrochloric acid at both 0° to 5°c 
and 37°c. They were rapidly inactivated in 
alkaline solution above pH 9 at both tem- 
peratures. In the presence of hydrogen 
peroxide there was complete loss of anti- 
biotic activity. In 1947 Scudi et al. found 
that bacitracin was partially inactivated by 
BAL and sodium thiosulfate. * 

Solubility. ‘The laboratory product of 
bacitracin was found to be soluble in 
methanol, ethanol, isopropanol, n-butanol 
and cyclohexanol, slightly soluble in cyclo- 
hexanone, and insoluble in other organic 
solvents such as ether, chloroform, benzene, 
acetone and ethyl acetate. In aqueous 
solution the activity was diffusible through 
a nitrocellulose membrane which _ holds 
back particles of molecular weight 2,000. 

Precipitability. 1. Metal ions: Bacitracin 
was precipitated by salts of heavy metals. 
This precipitation was accompanied by 
inactivation if the heavy metal ions, low in 
the electromotive series, were used. On the 
other hand, the action of zinc ions, high in 
the electromotive series, did not result in 
inactivation but precipitation of the active 
material was incomplete. 

2. Organic acids: Several organic acids 
were found to precipitate the activity from 
concentrates, namely, trichloracetic, tan- 
nic, azobenzene-f-sulfonic, benzoic, furoic 
and salicylic acids. With the first two, con- 
siderable activity disappeared during the 
isolation of the bacitracin. ‘The results with 
benzoic acid were variable. Large quanti- 
ties of furoic acid were required to pre- 
Cipitate the antibiotic and the percentage 
of recovery was low. Salicylic acid, how- 
evér, yielded. precipitates with all batches 
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tested; the yields were high and no inactiva- 
tion was observed. 

3. Other precipitants: Bacitracin was also 
precipitated from water solution by high 
concentrations of sodium chloride, acetone, 
ammonium rhodanilate, Reinecke’s salt 
and molybdic acid. 

Adsorption. Bacitracin was found to be 
adsorbed on charcoal, Lloyd’s reagent and 
aluminum oxide but the problem of elution 
had not then been solved. 

These preliminary studies clearly indi- 
cated the necessity for the further produc- 
tion, purification and clinical appraisal of 
bacitracin. In order to carry this out it was 
decided to call upon one of the commercial 
firms to produce it in large quantity. 


COMMERCIAL PRODUCTION OF BACITRACIN 


The first attempt to transfer production 
from laboratory to commercial methods was 
made by Lederle but difficulties were en- 
countered and most of the antibiotic was 
lost during the process of extraction. It was 
then taken over by the Ben Venue Labora- 
tories of Bedford, Ohio. After six months of 
experimentation a method was found which 
produced the antibiotic in soybean medium, 
yielding ten times the assay obtained from 
the synthetic medium. Furthermore, a 
shortcut was found in the extraction process 
by adsorbing the antibiotic on charcoal and 
eluting it with dilute hydrochloric acid. 
The original method of growth on the 
surface of the medium was continued and 
in the course of a year a stable, lyophilized, 
slightly yellowish white powder was ob- 
tained of sufficient purity to warrant a 
pharmacologic study. 

During the various stages of development 
the commercial product* steadily increased 
in purity; even the early crude preparations 
were effective when applied to infected 
areas and surfaces. Experiences with the 
first hundred cases of surgical infections so 
treated served as the basis for a report by 


* The commercial bacitracin used in these studies was 
supplied by the Ben Venue Laboratories of Bedford, O.., 
and the Commercial Solvents Corporation of Terre 
Haute, Ind. 
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the authors which was published in March, 
1947.4 

These cases represented the general run of 
localized or localizing infections which are 
seen every day in any surgeon’s office or any 
hospital clinic. Eighty-eight per cent of 
these patients responded favorably to the 
drug treatment. Bacteriologic studies re- 
vealed that the majority of surgical infec- 
tions are due to a mixture of organisms. 
When the organisms associated with these 
infections were tested for sensitivity to 
bacitracin and penicillin, most of them were 
found to be susceptible to both. ‘Thirty were 
susceptible to bacitracin and resistant to 
penicillin while only six were resistant to 
bacitracin and susceptible to penicillin. It 
was found that the daily aspiration of super- 
ficial or even deep abscesses followed by 
the instillation of bacitracin often caused 
rapid resolution of the process and often 
obviated surgical incision. Similarly, the 
application of a solution or ointment con- 
taining bacitracin in a concentration of 500 
units per cc. of solution or Gm. of ointment 
to an infected wound or superficial ulcer 
often caused rapid disappearance of the 
infecting organisms and healing of the 
wound. 


PHARMACOLOGIC STUDIES OF BACITRACIN 


The pharmacologic studies were under 
the direction of Dr. John Scudi of the 
Department of Pharmacology of the College 
of Physicians and Surgeons, Columbia 
University, with the advice and counsel of 
Professor Harry B. van Dyke. These studies 
served as the basis for three reports which 
appeared in 1947.36 

Acute toxicity experiments were carried 
out in Rockland Swiss mice and in Sherman 
rats. Several different lots of bacitracin were 
_ tested and it was found that the toxicity of 
the different lots varied independently of 
the activity and that the aforementioned lot 
was least toxic. It was also noted that 
inactivation of the material by incubation 
at 37°c. for eight days at a pH of 7 did not 
alter the toxicity of the preparation whereas 
its antibiotic activity was completely lost in 


Bacitracin—Meleney, Johnson 


that time. The only injury to any of the 
organs or tissues of the body was in the 
lower renal tubules with large doses of the 
antibiotic. Mice and to a lesser degree 
monkeys were affected whereas dogs and 
rats showed no injury to the kidneys. The 
subcutaneous LD-50 in mice was four to 
seven times the intraperitoneal LD-50 and 
lethal results were produced only with 
immense oral doses. 

The absorption and excretion of baci- 
tracin was studied in the dog. Significant 
concentration of the drug persisted in the 
blood stream as long as seven or eight hours 
after parenteral administration. Dogs showed 
no signs of toxicity even when doses as high 
as 6,000 units per Kg. of body weight were 
used, other than slight or transient vaso- 
depressor effects produced by rapid intra- 
venous injection. Recovery of the drug in 
the urine showed wide variations but in 
general it increased in direct ratio to the 
dose administered. However, significant 
concentrations of the drug could be found 
in the urine more than seven hours after 
the administration of a single dose of the 
antibiotic. Concentrations of 14 to 18 units 
per cc. could be found in dogs’ urine seven 
hours after a single intramuscular injection 
of 1,000 units per Kg. and as high as 92 units 
per cc. after a 3,000 unit per Kg. dose. 
These figures for the urinary excretion of 
bacitracin following intramuscular adminis- 
tration are in sharp contrast to those after 
oral administration. Scudi could detect no 
bacitracin in the urine after a single oral 
dose of 3,000 to 6,000 units per Kg. The 
highest recovery reported by Bond et al.’ 
after oral administration in the dog was 
0.22 units per cc. after the 10,000 unit per 
Kg. dose, and 1.65 units per cc. after the 
20,000-unit per Kg. dose. 

Scudi also found that although bacitracin 
remained in the blood stream for many 
hours, it did not penetrate the red blood 
cells nor did it enter the spinal fluid freely. 
Following prolonged daily administration 
of crude bacitracin concentrates in dogs 
and monkeys there were no significant 
changes in blood morphology. 
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Concentrations of bacitracin of 6,000 
units per cc., when injected into the ab- 
dominal skin of experimental rabbits, caused 
no irritation and there was no reaction to 
1,200 units per cc. in the conjunctival sac 
of rabbits. There was some induration after 
repeated intramuscular injections into the 
dog while in the monkey there were at 
times small areas of necrosis of the muscle 
at the sites of the injections. 

In the dog the urine samples remained 
negative for sugar and albumin but both of 
these appeared in the urine of monkeys. 
Large doses approximating the LD-50 pro- 
duced some damage to the renal tubules in 
the mouse and occasionally in the monkey, 
but the lesions were insignificant in the rat 
and in the dog. Scudi considered the 
toxicity to be of the same order as that of 
streptomycin. 


EARLIEST SYSTEMIC ADMINISTRATION 
OF BACITRACIN 


With this preliminary demonstration of 
relatively low toxicity, it was deemed safe 
to start cautiously subcutaneous, intra- 
muscular and mouth administration of 
bacitracin in human volunteers. It was 
found that blood and urine levels could be 
obtained by subcutaneous and intramuscu- 
lar injections, but only urine levels and 
those of low degree when the drug was 
given by mouth. We then began cautiously 
to treat patients with intramuscular injec- 
tions in gradually increasing doses ranging 
from 3,000 to 20,000 units every six hours. 
With all of these doses it was found that 
detectable blood levels of bacitracin could 
be found six hours after administration. In 
the first case of infection treated systemically 
the administration of 3,000 units every six 
hours was stopped on the third day when 
albuminuria appeared, but it promptly 
disappeared. Later cases with increased 
dosage nowere transient albuminuria and 
a few granular casts but these findings 
disappeared during the course of treatment 
and there were no clinical signs of toxicity. 
Furthermore, the infections for which these 
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patients were treated, in most cases, came 
promptly under control. 

With the same material Dr. Harry 
Eagle found that bacitracin had a lethal 
action on spirochetes and that he could cure 
his experimental rabbits with syphilis by its 
systemic administration. He also found that 
bacitracin had a lethal action on spirochetes 
directly proportional to its concentration, 
that it was slowly eliminated through the 
kidneys at the rate of glomerular filtration 
and that it had a striking synergistic action 
with penicillin in the cure of experimental 
syphilis.* Therefore, he started a study of 
the treatment of human syphilis with 
bacitracin alone and with bacitracin in 
combination with penicillin. The report of 
this study will be published elsewhere.’ 

During this period units were set up in 
several different cities for the clinical 
appraisal of bacitracin. These were or- 
ganized by Dr. Alfred Longacre in New 
Orleans, Major Edwin J. Pulaski at Fort 
Sam Houston, Dr. Edward H. Reisner, Jr., 
at Bellevue Hospital in New York, Dr. 
Harold Zintel in Philadelphia and Dr. 
William Altemeier in Cincinnati, beside the 
unit already in operation at Presbyterian 
Hospital in New York under the direction 
of the authors of this paper. 

The number of patients treated sys- 
temically during the spring, summer and 
fall of 1947 increased slowly because of the 
fact that production was delayed, not only 
in the Ben Venue Laboratories but also in 
the laboratories of the other manufacturers, 
all of whom encountered production diff- 
culties. In December, 1947, the Commercial 
Solvents Corporation began to produce 
bacitracin by the deep tank method. By 
an agreement with the Ben Venue Labora- 
tories the whole output and experience of 
Ben Venue in the production of bacitracin 
was turned over to the Commercial Solvents 
Corporation. Thereafter production by the 
surface growth method was given up and 
the deep tank method was employed. 
Bacitracin was produced by the Commercial 
Solvents Corporation only in small quanti- 
ties during the months of December, Janu- 
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ary and February and extensive clinical 
observations were not made with it until 
the spring of 1948, inasmuch as it was 
decided to use up the available Ben Venue 
material first. The units in Philadelphia 
and San Antonio, which were started later 
than the others, had little or no experience 
with the Ben Venue material and their 
first patients were treated almost entirely 
with the Commercial Solvents product. 

From August, 1946, to March, 1948, the 
systemic administration of bacitracin made 
by the Ben Venue Laboratories by the 
surface growth method was continued with 
increasing confidence in its efficacy and 
safety. ‘The albuminuria and cylindruria 
had proved to be of a low order and in the 
majority of cases these signs of kidney irrita- 
tion disappeared during the course of treat- 
ment or promptly after the cessation of 
treatment. Occasionally intramuscular in- 
jection was followed by nausea and in some 
cases by vomiting but this did not interfere 
with treatment except in one case, a para- 
plegic with a chronic decubital ulcer. 

However, during this period an effort 
was made to remove all evidences of toxicity 
and we were encouraged by the fact that 
with the ultracentrifuge toxic products 
could be carried down to the heavy portion 
of the solution, while bacitracin was evenly 
distributed. 


TENTATIVE F.D.A. SPECIFICATIONS 
FOR BACITRACIN 


In January, 1948, at the request of the 
Surgeon General’s Office, Dr. Henry Welch 
of the Food and Drug Administration, 
called a meeting in Washington of the 
commercial firms interested in the manu- 
facture of bacitracin for the purpose of set- 
ting up specifications dealing with potency, 
solubility, stability, toxicity and pressor, 
depressor and pyrogenic effects. ‘The most 
important specifications dealt with potency 
and toxicity and we recommended that a 
toxicity specification be set up at an LD-50 
of 500 and an LD-0 of 250 units for a 20-G. 
mouse by intraperitoneal or intravenous 
injection, but the manufacturers claimed 
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that this level would be difficult to attain 
and our clinical experience with the Ben 
Venue product seemed to indicate that 
lower figures would give a sufficient margin 
of safety. Therefore, toxicity levels were set 
at 200 units for the LD-50 and 100 units for 
the LD-0, with the understanding that 
further attempts would be made to raise 
these standards as the manufacturers im- 
proved their product. 


FIRST CONFERENCE ON RESULTS 
OF BACITRACIN TREATMENT 


In March, 1948, a meeting was called in 
New York at the Columbia-Presbyterian 
Medical Center to which the leaders of the 
study units and the manufacturers were 
invited for a full presentation of their 
experiences with bacitracin both in the 
laboratory and in the clinic. At that meeting 
Dr. Lyman Craig of the Rockefeller Insti- 
tute gave a preliminary report on the 
purification of bacitracin by his counter- 
current apparatus. He stated that the 
commercial product contained three or- 
ganic substances and one inorganic. One 
of the organic substances predominated and 
this was made up of a number of amino 
acids. Chromatographic studies identified 
many of these. 

By the time of the March meeting the 
number of surgical infections treated locally 
had reached 200 and favorable results had 
been obtained in 87 per cent of these cases. 
Furthermore, it was found that a fairly large 
number of the organisms associated with 
these infections were resistant to penicillin 
and susceptible to bacitracin. At the same 
time a large series of cases of dermatologic 
infections were reported by Dr. J. Lowry 
Miller.’° The dermatologists were particu- 
larly impressed with the high rate of cure 
and the low incidence of allergic reactions 
to bacitracin as contrasted with penicillin 
and the sulfonamides. 

Experiments were carried out with vari- 
ous bases in order to find one that would be 
more stable than the carbowax propylene 
glycol base previously used. Such bases were 
made primarily either with lanette wax or 
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with cetyl alcohol. These bases readily 
released the antibiotic and this did not 
deteriorate as rapidly at room temperature 
as it did in the carbowax base. In grease 
bases the bacitracin was still more stable 
but it was not as readily released from 
them. 

A study of the development of resistance 
to bacitracin of susceptible bacteria was 
made during this period and it was found 
that a few strains slowly developed resist- 
ance but this was of a low order and of slow 
development. In dermatologic and _ local 
surgical infections this appeared to be in- 
consequential because it was easily over- 
come by the concentration of the antibiotic 
used with local application. 

At the March meeting Dr. Alson Braley 
of the Department of Ophthalmology stated 
his belief that bacitracin was the treatment 
of choice in ophthalmic infections because 
of its effectiveness and the low incidence of 
allergic manifestations. Dr. Edward Reisner 
reported success in the systemic treatment 
of pneumonia at Bellevue Hospital. Dr. 
Harry Eagle of Baltimore discussed the 
preliminary steps in his study of bacitracin 
in the treatment of syphilis. 

For the treatment of systemic infections 
the units had gathered data which were 
listed on carefully prepared summary sheets 
designed to permit the transfer of all im- 
portant information regarding every case 
to punch cards for statistical analysis. Up 
to that time the unit at the Presbyterian 
Hospital had treated thirty patients with 
various types of infections and reports from 
the various units totaled approximately 
100 cases of all types, both medical and 
surgical. All of the units which had been 
functioning for several months reported 
gratifying results in the treatment of in- 
fections and increasing confidence in the 
safety of the drug. The evidences of kidney 
irritation were minimal and transient and 
they did not interfere with the course of 
treatment. However, for the first time a 
disquieting note was struck by Major 
Pulaski, who noted that a few patients 
treated with the Commercial Solvents 
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material made by the deep tank growth 
of the organism had shown more evidence 
of kidney damage than the other units had 
observed, as indicated by larger amounts 
of albumin in the urine and an increased 
number of granular casts, renal epithelial 
cells and red blood cells and higher levels 
of retained urea nitrogen and non-protein 
nitrogen in the blood. 


BACITRACIN IN AMEBIASIS 


During the month of March, 1948, it was 
reported by Dr. E. C. Faust’ of Tulane 
University in New Orleans that he had 
found Endameba histolytica susceptible to 
bacitracin, and because of the striking 
sensitivity of associated intestinal bacteria 
of the clostridial and coccal groups, plans 
were formulated for an intensive study of 
amebiasis. 

This study was carried out by Dr. Harry 
Most of the Department of Preventive 
Medicine of New York University.'? The 
patients were for the most part returned 
veterans from World War tw who had 
acquired their infestation in widely sepa- 
rated war areas. Treatment was carried out 
in New York where re-infestation from 
outside sources was unlikely. Sixty patients 
were treated all of whom were having active 
symptoms and signs of amebiasis. ‘The first 
fifty patients received bacitracin by mouth 
in amounts ranging from 40,000 to 160,000 
units a day in divided doses for a period of 
twenty days. A careful follow-up of these 
Cases was Carried out over a period of six to 
twelve months. There were no clinical fail- 
ures but there was a relapse rate of about 
30 per cent, as represented by a return of 
the Endameba histolytica in the stools 
without any clinical symptoms. These 
organisms are being studied further to see 
if they have lost their pathogenicity. Some 
of the patients with relapses responded to a 
second series of treatments with a higher 
dosage. The last ten patients were treated 
with 160,000 units a day for twenty days. 
They have not yet been followed long 
enough to determine the percentage of 
cures. In all of these patients there were 


4 


800 


only two who showed any disturbances 
from the treatment itself. One of these had 
a diarrhea for two days and the other a 
diarrhea for seven days with distention but 
this did not require cessation of treatment. 
The drug was only slightly absorbed from 
the gastrointestinal tract. It was recovered 
in small quantities in the urine but no blood 
levels were demonstrable. High concentra- 
tions were still present in the stool. 

Dr. Alfred Longacre and Dr. D’Antoni 
obtained similar results in New Orleans.** 
Their problem of follow-up studies was 
more difficult because of the possibility of 
re-infestation from outside sources. Doses 
as large as 250,000 units a day were given 
without evidence of toxicity. 


BACITRACIN IN NEUROLOGIC INFECTIONS 


In the spring of 1948, Dr. Paul Teng, 
working on the problem of staphylococcic 
meningitis, demonstrated that bacitracin 
given intramuscularly in normal dogs can 
be found in only small quantities in the 
spinal fluid, indicating difficulty in passing 
the blood-brain barrier. However, if the 
meninges are inflamed by the injection of 
staphylococci into the cisterna magna of 
dogs, bacitracin enters the spinal fluid in 
considerably higher concentration. He also 
demonstrated that if meningitis is produced 
by the cisternal injection of staphylococci, 
the animals die within four or five hours of 
an extensive meningitis; but if bacitracin is 
instilled into the cisterna magna in such 
cases, they may be saved even when treat- 
ment is initiated two or three hours after 
inoculation with the bacteria. Furthermore, 
bacitracin may be injected intrathecally ina 
concentration of 10,000 units per cc. without 
showing any signs of irritation of the 
meninges from the drug." 

Dr. William Cone in Montreal has 
recently demonstrated that powdered baci- 
tracinycontaining 50 units per mg., may be 
applied to the surface of the brain without 
causing the convulsions which are charac- 
teristic of the application of penicillin, 
streptomycin and the sulfonamides. More- 
over, it can be injected into the brain tissue 
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or into the ventricles in a concentration of 
1,000 units per cc. without causing any 
evidence of irritation. 


BACITRACIN IN THE TREATMENT 
OF PNEUMONIA 


Reisner continued his study of the intra- 
muscular injection of bacitracin in cases of 
pneumonia until he had a series of twenty- 
five.'!° In a preliminary group of eleven 
cases he found that doses as small as 15,000 
units every six hours would cause rapid 
resolution of the process if the organism had 
not invaded the blood stream, but that 
higher doses were necessary in the presence 
of septicemia. In his second series of four- 
teen cases the initial treatment was usually 
30,000 units every six hours, but in several 
instances of severe and extensive infection 
he doubled this dose and in one patient 
gave as much as 99,000 units every six 
hours. He recommended the use of baci- 
tracin in cases of pneumonia caused by a 
sensitive organism which did not respond 
to penicillin. In his second series there was 
only one death and that patient had already 
developed endocarditis when treatment 
with bacitracin began. The patient failed 
to respond not only to bacitracin but to 
penicillin as well. One other patient with a 
relatively resistant organism failed to re- 
spond to bacitracin but was quickly restored 
by large doses of penicillin. In this series of 
cases evidences of nephrotoxicity were 
minimal and none of the patients showed 
any permanent or serious damage to the 
kidneys. 


NEPHROTOXICITY OF SYSTEMIC BACITRACIN 


Up until May, 1948, further observa- 
tions were made with the systemic ad- 
ministration of bacitracin and these pro- 
vided data in 105 cases of surgical infections 
which were reported to the American 
Surgical Association at the meeting in 
Quebec. In this report the recent ap- 
pearance of disturbing nephrotoxicity was 
discussed. 

During this period Dr. Alexander Michie 
at the University of Pennsylvania studied 
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glomerular and tubular filtration in several 
patients after the administration of baci- 
tracin in daily doses of 200,000 units for 
varying numbers of days. He found that 
both of these excretory functions as well as 
renal blood flow were temporarily but 
materially diminished. The renal plasma 
flow in six patients treated for four to 
nineteen days was reduced 46 per cent. In 
these same cases the glomerular filtration 
was diminished 40 per cent. In five of these 
patients treated for five to nineteen days the 
tubular filtration was diminished 61 per 
cent. These sets of figures, however, did not 
run parallel with each other nor with the 
total dosage of the drug. Moreover, later 
tests showed a return toward normal in 
every case.'’ ‘These experiments were car- 
ried out with two Commercial Solvents’ 
lots of bacitracin and a later review of the 
clinical results with these lots in all of the 
centers of observation indicated that they 
were among the most toxic. 

‘Toward the end of this period more cases 
showing nephrotoxicity appeared in all of 
the units which were now beginning to use 
the Commercial Solvents material made in 
the deep tanks since most of the surface 
growth product had been used up. It was 
then evident that the specifications for 
toxicity which the Food and Drug Ad- 
ministration had set up were too low and 


that the problem would require a thorough 


study. 

‘The summary sheets covering the clinical 
data from all of the patients previously 
treated were carefully scrutinized from the 
point of view of the lot numbers and the 
dosage used. These items were correlated 
with the laboratory and clinical evidence 
of kidney irritation. At the same time six 
representative lots from both the surface 
growth and from the deep tank product, 
all of which had been used clinically, were 
injected subcutaneously into mice in doses 
ranging from 250 to 1,000 units. Four 
hundred eighty-four mice were used in this 
study. With each lot the death rate was 
noted and after a period of several days the 
surviving mice were sacrificed and notes 
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were made with regard to the evidence of 
gross renal disorders. 

When all of the laboratory and clinical 
data were analyzed, it was obvious that the 
early deep tank product was definitely more 
toxic than the surface growth product. 
Furthermore, it was evident that different 
lots of the deep tank product differed from 
one another in their toxicity. These lots 
had all been tested for safety by the labora- 
tories of the Food and Drug Administration 
and it was found that the LD-50 for 20-gram 
mice ranged all the way from 224 to 500 
units. It was then found that these F.D.A. 
tests corresponded very closely with the 
clinical and laboratory data mentioned 
above. The lot which met the LD-50 test of 
500 units was by far the least toxic in its 
clinical record in cases of surgical infections 
and pneumonia. 

When faced with the clinical and labora- 
tory data, the deep tank manufacturers 
suggested that, inasmuch as their product 
had a higher assay and was therefore purer 
than the surface growth product, some in- 
hibiting substance which had reduced the 
toxicity of the surface growth material might 
have been removed by their process. It 
had been demonstrated and repeatedly con- 
firmed that the presence of certain salts 
materially cuts down the toxicity. It was 
pointed out that certain of the d-amino acids 
were known to have nephrotoxic action. 
These might be the responsible elements 
Causing toxicity and their action might be 
nullified by the presence of the /-isomers. 
It was therefore decided to make a thorough 
study of the amino acid and salt content 


_ of a number of different lots produced by 


the two methods. 

Inasmuch as the surface growth material 
was almost exhausted, we were dependent 
entirely upon the Commercial Solvents 
deep tank bacitracin. Fortunately, other 


lots made fairly recently met the 500-unit 


specification and these were selected for 
further clinical trial. It was agreed that 
initial doses should approximate 200 units 
per Kg. of body weight and that these doses 
should be increased only if the initial dose 
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failed to control the infection under treat- 
ment. This plan was followed during the 
course of the next eleven months and the 
favorable results obtained with a minimum 
of disturbing toxic manifestations amply 


TABLE I 
ANTIBACTERIAL SPECTRUM OF BACITRACIN 
*Sensiti *Resist- 
nsitive | ont to 
Organisms Baci- 
Bacitracin | tracin 
(in units) (in units) 
Aerobic Bacteria: 
B hemolytic streptococci 
Groups A, B, C, F, G..... 0.025-0.005 
Non-hemolytic streptococci. . . 3-0 .025 
Pneumococci............... 0.1-0.002 
Staphylococci (coagulase +). 5—0.05 
Other micrococci........... 5—0 .008 
C. diphtheriae............. 0.015-0.004 
N. meningitidis............. 0.01 
N. gonorrhoeae............ 0.006 
4-12.5 
Flavobacterium (New Orleans 
0.0025 
tH. influenzae Type B...... .63 
Anaerobic Bacteria: 
Cl. 
Ch. 0.01-0.002 
Cl. histolyticum............ 0.025-0.004 
Hemolytic streptococci...... 0.01-0.001 
Non-hemolytic streptococci...| 0.1-0.005 
0.5-0.005 
Diphtheroids............... 0.003 
Actinomyces israeli......... 0.075-0.005 
§T. pallidum (Reiter strain). .|0.004 
Fungi: 
Monilia albicans........... 50 
Cryptococcus hominus.......}........... 50 
Nocardia 50 


* Beef heart infusion broth tube assay. 

ft Occasional strains sensitive 3—-0.5 units. 

t Evans, F. 7. Bact., 56: 507, 1948. 

§ Eacie, H., Mussectman, A. D. and FLeiscHman, R. 
J. Bact., 55: 347, 1948. 
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justified this program and has restored 
confidence in the safety and efficacy of the 
antibiotic. 

In order to be certain that the low inci- 
dence of nephrotoxic responses in the 
patients receiving the bacitracin with the 
LD-50 of 500 was not simply a question of 
low dosage, six patients during this period 
were given the same doses from two lots 
which fell short of this specification. Four 
of the six gave disturbing signs of toxicity 
which disappeared as soon as they were 
taken off this material and given the same 
dosage with a less toxic lot. One of these 
patients had been given some of the surface 
growth bacitracin a year previously for a 
period of one month in a dosage 50 per cent 
higher without any evidence of toxicity. 


THREE PHASES OF CLINICAL EXPERIENCE 
WITH BACITRACIN 


Thus the clinical experience of the various 
units which were set up for the clinical 
appraisal of bacitracin over a period of 
twenty-two months has had three phases: 
(1) a period of calm and complacency dur- 
ing which satisfactory results were obtained 
in about eighty-five cases without toxic 
manifestations, using the surface growth 
bacitracin; (2) a period of storm, stress and 
uncertainty while we treated another eighty- 
five patients with the early deep tank baci- 


‘tracin and encountered disturbing evi- 


dences of kidney irritation or damage from 
particularly toxic lots and (3) a period of 
increasing confidence in the efhicacy and 
safety of bacitracin which meets the specifi- 
cation for toxicity of LD-50 of 500 units for a 
20-gram mouse. This has covered about a 
hundred cases, making a total of 270 for the 
entire series. '® 


FURTHER PURIFICATION STUDIES 


In the meanwhile studies have been 
going on in an effort to purify further the 
commercial product. Craig, Gregory and 
Barry’® have subjected it to their counter- 
current distribution apparatus and have 
been able to take material with an initial 
potency of 46 units per mg. and separate 
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from it a single active substance with an 
assay of 66 units. Hydrolysis of this material 


in 6 normal hydrochloric acid followed by | 


paper chromatography gave spots corre- 
sponding to phenylalanine, leucine, iso- 
leucine, cysteine, valine, histidine, orni- 
thine, lysine and glutamic and aspartic 
acids. This strongly suggests that the active 
principle is a polypeptide of considerable 
size. All of the constituent amino acids 
indicated by paper chromatography have 
been isolated in crystalline form with the 
correct carbon and hydrogen analyses ex- 
cept lysine and ornithine. ‘The amino acids 
isolated were as follows: /-histidine, par- 
tially racemic and /-leucine, /-cysteine 
and /-glutamic acid, d,/-phenylalanine, d,/- 
aspartic acid and partially racemic and 
d-isoleucine. One of the purified specimens 
showed definite organization when ex- 
amined microscopically. 

Further studies in the Biochemistry Lab- 
oratory of the College of Physicians and 
Surgeons by Miss. Catherine Phillips under 
the counsel of Dr. Hans Clarke have been 
directed toward further purification of the 
commercial product to minimize still fur- 
ther or to remove, if possible, all toxicity 
from the active principle. Attempts to 
purify commercial bacitracin by treatment 
with sodium chloride indicated that over 
96 per cent of the active material could be 
precipitated. The product showed no im- 
provement in toxicity. 

Drs. Goorley and Brown’s work” on the 
precipitation of bacitracin with iodine as a 
means of checking antibiotic activity chemi- 
cally was repeated. A relatively large batch 
of bacitracin (Lot No. 481101) was sub- 
jected to iodine precipitation. The pre- 
cipitate was decomposed with an excess of 
finely divided silver in a medium containing 
water, acetic acid and methanol. The clear, 
almost colorless filtrate from this reaction 
was evaporated to dryness under reduced 
pressure. The residue (about 75 per cent of 
original weight) showed unaltered activity 
but no improvement in toxicity. 
Fractional precipitation with picric acid 
was .also carried out on a Commercial 
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Solvents preparation. The antibiotic-picrate 
was regenerated from the resulting pre- 
cipitates by treatment with hydrochloric 
acid and extraction of picric acid with ether. 
However, since potency was not increased 
nor toxicity removed, further attempts to 
purify bacitracin were continued by means 
of liquid-liquid extractions following the 
activity with nitrogen and sulfur determina- 
tions. The work on the separation of the 
amino acid components is being continued 
in the Columbia laboratories as well as 
further attempts to separate antibiotic and 
toxic factors from bacitracin produced in 
industrial laboratories. 


STUDIES IN EXPERIMENTAL GAS GANGRENE 


Sandusky has continued his excellent 
experimental studies on gas gangrene in 
guinea pigs and found that bacitracin was 
capable of preventing the development of 
the lesion in all but one of a series of 171 
animals injected with Cl. welchiz, while 109 
of 130 controls died of the infection. He had 
some late deaths in his animals, thought to 
be due to some toxic effect of the drug, and 
he confirmed our conclusion that different 
lots differed significantly in this toxicity.”! 


ANALYSIS OF THE WHOLE CLINICAL SERIES 


The clinical results were grouped in four 
categories. The result was considered to be 
“excellent” if the response was sudden or 
dramatic and the infection brought under 


_control within seventy-two hours; ‘‘good”’ 


if there was a definite response but some- 
what slower in its evolution; ‘‘questionable’”’ 


_ if the observer believed that the case might 


have done just as well without the drug as 
with it; and “‘no effect’’ when it was obvious 
that the infection had run its course regard- 
less of the treatment. The over-all results 
are shown in Table 11. 

Of the 270 patients in the series so far 
treated, about three-fifths had failed to 
respond to other treatment or a combina- 
tion of treatments and yet 55.6 per cent of 
these gave a favorable response to bacitra-— 
cin. If it had ‘not been available, many of 
these patients would have gone on with 
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their infections with prolonged illness, 
permanent or temporary disability or death. 
These have therefore been called “salvaged 
cases.”” One hundred twenty-six of these 
cases had failed to respond to penicillin 
alone or to penicillin in combination with 


TABLE IU 
OVER-ALL RESULTS OF SYSTEMIC BACITRACIN TREATMENT 
IN 270 CASES ACCORDING TO DIAGNOSIS 


Results of Treatment 
Total 
Cases| Ques- 
x- No 
cellent] | | 
| able 
31 16 10 2 3 
Pneumonia................- 27 16 2 0 9 
Infected accidental wound..... 20 6 12 1 1 
Deep abscess............-.--- 19 5 10 2 2 
Infected operation wound..... 14 2 5 2 5 
Chronic osteomyelitis......... 12 0 4 4 4 
(| 8 1 6 0 1 
Endocarditis................ 8 0 0 1 7 
Prophylactic................ 7 1 6 0 0 
Uleer(s) of leg(s)............. 7 0 4 2 1 
Undermining burrowing ulcer. . 6 2 2 0 2 
Staphylococcic meningitis. ... . 5 5 0 0 0 
Synergistic gangrene......... 5 4 1 0 0 
Acute osteomyelitis........... 4 0 3 0 1 
Superficial abscess........... 4 0 2 1 1 
Multiple furuncles........... 4 0 1 1 2 
Ulcerative colitis............. 4 0 0 2 2 
Human bite infection......... 3 2 0 0 1 
Actinomycosis............... 3 0 1 2 0 
Miscellaneous (2 each)....... 32 5 13 3 11 
Miscellaneous (1 each)....... 44 5 22 9 8 
270 70 107 32 61 
Favorable results in 65.6% of cases. 


other drugs. The three largest groups were 
‘penicillin only” in which there were thirty- 
seven cases, “‘penicillin with some sulfona- 
mide” thirty-one, and “penicillin, strepto- 
mycin and some sulfonamide’ twenty- 
eight. Of the ninety-six cases in these three 
main categories of penicillin treatment 
there were twenty-three which gave a 
brilliant response to bacitracin and in 
thirty-two it was called “good’’—a total 
favorable result of 57 per cent. 

Of the 119 cases that had had no previ- 
ous antibiotic treatment, the favorable 
responses to bacitracin were 78.1 per cent. 
This difference can be largely explained on 
the basis of earlier treatment in the latter 
group. 

About half of the cases were treated with 
systemic bacitracin alone and the others 
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with both systemic and local bacitracin. ‘The 
favorable results in the latter series (75.6 per 


cent) were considerably better than in the 


former (56.4 per cent), but these series are 
not strictly comparable because in _ the 
former group the infections were more 
serious, the inflammation was more diffuse 
and was often not sufficiently localized to 
permit local treatment. Moreover, many of 
these cases did not have the benefit of 
surgical drainage. 

Bacteriologic studies in these cases re- 
vealed that the majority were infected with 
a mixture of organisms. This was especially 
true in the chronic cases which had lasted 
for a month or more before treatment with 
bacitracin began, and yet the response to 
bacitracin was almost if not just as good in 
these mixed infections as in the pure infec- 
tions. This was probably due to the fact that 
bacitracin has a very wide antibacterial 
spectrum and is not inhibited as is penicillin 
by the penicillinase producers which are so 
frequently present in mixed infections. 

Most of the organisms found associated 
with these infections were tested for their 
susceptibility to both penicillin and baci- 
tracin. One hundred twenty-two species 
were susceptible to both, 104 were suscepti- 
ble to bacitracin but not to penicillin while 
only eleven were resistant to bacitracin and 
susceptible to penicillin. Where there was a 
difference, therefore, the ratio was about 
10 to 1 in favor of bacitracin. This ratio is 
twice as great as appeared in a similar study 
of patients treated locally with bacitracin 
two years ago.‘ Furthermore, the ratio 1s 
favorable to bacitracin in every bacterial 
group. This would suggest that as time goes 
on more and more infections will be found 
to be due to organisms which are resist- 
ant to penicillin and are susceptible to 
bacitracin. 

If this comparison of bacterial suscepti- 
bility to bacitracin and penicillin is analyzed 
further so as to reveal the difference be- 
tween the group which had been previously 
treated with systemic penicillin and the 
group which had not, the ratio of bacitracin 
to penicillin is found to be 35 to 1 in the 
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former, while in the latter group the ratio 
is less than 4 to 1. This is clearly shown in 
Tables and Iv. 

- These figures would seem to indicate 
clearly that many organisms had built 
up a resistance to penicillin in response to 

: TABLE Il 
SUSCEPTIBILITY AND RESISTANCE TO BACITRACIN AND 
PENICILLIN OF CERTAIN OF THE BACTERIA CULTURED 


FROM THE LESIONS OF CASES WITH PREVIOUS 
PENICILLIN TREATMENT 


Baci- | Baci- | Baci- | Baci- 

tracin | tracin | tracin | tracin 
S. S. R. R. 

Bacteriology Peni- | Peni- | Peni- | Peni- 

cillin | cillin | cillin | cillin 
S. R. S. R. 
Hemolytic strept........ 13 9 0 3 
Non-hemolytic strept... . 6 9 0 1 
Coag. pos. staph........ 12 27 0 2 
Coag. neg. staph....... 6 3 1 1 
Coag. not tested staph... 1 13 1 0 
Other aerobic cocci. ... . 3 2 0 1 
Anaerobic cocci........ 8 3 0 3 
Gram-neg. bacilli....... 0 2 0 52 
Gram-pos. bacilli....... 2 3 0 5 
3 0 0 0 


S.—Susceptible 

R.—Resistant 

Note—Cases with previous treatment unknown are 
not included. 


systemic treatment with it. With wider use 
of bacitracin, resistance to it probably will in 
turn be gradually built up. 

In many instances a synergism could be 
demonstrated between penicillin and baci- 
tracin in the inhibition of bacterial growth. 
Often one-tenth of the inhibiting dose of one 
added to one-tenth or one-fifth of the 
inhibiting dose of the other would com- 
pletely prevent the growth of the test 
organisms. In a number of cases there 
seemed to be clinical confirmation of this 
synergism in vivo. This interesting feature of 
antibiotic therapy warrants further study 
and is of great practical value both from the 
point of view of effecting a higher percent- 
age of cures in the treatment of infections 
and of making economical use of these 
materials. 
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Whether or not bacitracin can be further 
purified and the toxicity be as completely 
removed as in the case of penicillin and 
streptomycin remains to be seen. Neverthe- 
less, the presently available product which 
meets the specification of LD-50 of 500 units 


TABLE IV 
SUSCEPTIBILITY AND RESISTANCE TO BACITRACIN AND 
PENICILLIN OF CERTAIN OF THE BACTERIA CULTURED 
FROM THE LESIONS OF CASES WITH NO PREVIOUS 
PENICILLIN TREATMENT 


Bacteriology 


Pcni- Peni- 
cillin | cillin | cillin | cillin 
S. R. S. R. 
Hemolytic strept........ 
Non-hemolytic strept... . 
Coag. pos. staph........ 1 
Coag. neg. staph........ 


Coag. unknown staph... 
Other aerobic cocci... . . 
Anaerobic cocci. ....... 
Gram-neg. bacilli....... 
Gram-pos. bacilli. ...... 
Clostridia............. 


WKH OAK N LW 
NNNOKF Ul 


a 


S.—Susceptible 

R.—Resistant 

Note—Cases with previous treatment unknown are 
not included. 


for a 20-gram mouse is sufficiently safe to 
warrant its widespread use in cases in which 


the infecting organisms are susceptible to 


bacitracin and resistant to other anti- 
biotics or which have failed to respond to 
other methods of treatment. 


SUMMARY 


1. Bacitracin is an antibiotic produced by 
a strain of B. subtilis recovered from the 
débrided tissue removed from a compound 
fracture. It has a wide antibacterial spec- 
trum and is not inhibited by the peni- 
cillinase producers. 

2. Bacitracin has been produced com- 
mercially and is available as a lyophilized 
powder which has been accepted by the 
Food and Drug Administration for local 
use in the treatment of infections. These 


: Baci- | Baci- | Baci- | Baci- 
tracin | tracin | tracin | tracin 
S. S. R. R. 
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infections have responded favorably in the 
great majority of cases when the drug was 
applied locally in the form of a solution or 
in an ointment base, or when the solution 
was injected locally into the inflamed tissues 
or instilled after the aspiration of a purulent 
exudate from an abscess cavity. 

3. Many patients with surgical, dermato- 
logic and ophthalmologic infections have 
been reported successfully treated in this 
manner without any evidence of toxicity 
and with minimal allergenicity. 

4. Bacitracin has been found to be lethal 
for Endameba histolytica and has been 
effective by oral administration in the 
treatment of amebiasis. It is not toxic 
when given by mouth and is not readily 
absorbed. 

5. Bacitracin is retained in the alimen- 
tary tract and acts upon many of the 
intestinal bacterial species. 

6. Bacitracin has been administered by 
intramuscular injection in the systemic 
treatment of various types of infections in 
270 cases, with a favorable response in 
about two-thirds of the patients. More than 
half of this series had failed to respond 
previously to other methods of antibacterial 
therapy, and more than half of these 
responded favorably to bacitracin. 

7. Some of the patients treat intra- 
muscularly with bacitracin showed disturb- 
ing symptoms and signs of kidney irritation 
but these can be reduced to a minimum 
if the commercial product can consistently 
meet a specification of LD-50 of 500 units for 
a 20-gram mouse. 

8. There is evidence that there is a 
synergistic action between penicillin and 
bacitracin in the control of infections. 

9. Chemical studies are being pursued in 
an effort to purify this drug further, to 
identify the active principle and to separate 
it if possible from the toxic factor so that it 
may be administered in large quantities as 
ny as is penicillin. 


REFERENCES 


1. JouNsoN, B. A., ANKER, H. and ME eEney, F. L. 
Bacitracin: a new antibiotic produced by a mem- 
ber of the B. subtilis group. Science, 102: 376-377, 
1945. 


Bacitracin—Meleney, Johnson 


2. ANKER, H. S., JoHnson, B. A., GoLpBERG, J. and | 


15. 


16. 


17. 
18. 


19. 


. Bonn, G. C., VANDERBROOK, M. J., 


MELENEY, F. L. Bacitracin: methods of produc- 
tion, concentration and partial purification, with 
a summary of the chemical properties of crude 
bacitracin. 7. Bact., 55: 249-255, 1948. 


. Scup1, J. V., Coret, I. A. and AnTaPpo., W. Some 


pharmacological characteristics of bacitracin m1. 
Chronic toxicity studies of commercial bacitracin 
in the dog and monkey. Proc. Soc. Exper. Biol. & 
Med., 66: 558-561, 1947. 


. Meveney, F. L. and Jounnson, B. A. Bacitracin 


therapy. The first hundred cases of surgical 
infections treated locally with the antibiotic. 
j. A. M. A., 133: 675-680, 1947. 


. Scupr, J. V. and ANTAPOL, W. Some pharmacologi- 


cal characteristics of bacitracin. Proc. Soc. Exper. 
Biol. & Med., 64: 503-506, 1947. 


. Scup1, J. V., Curt, M. E. and Kruecer, R. A. 


Some pharmacological characteristics of baci- 
tracin II. Absorption and excretion of bacitracin 
in the dog. Proc. Soc. Exper. Biol. & Med., 65: 9- 
13, 1947. 

Wuiey, J. L. 
and Nook, M. A. Oral administration of baci- 
tracin. Proc. Soc. Exper. Biol. & Med., 68: 395-400, 
1948. 


. Eacwe, H. and FLEISHMAN, R. Therapeutic activity 


of bacitracin i in rabbit syphilis, and its synergistic 
action with penicillin. Proc. Soc. Exper. Biol. & 
Med., 68: 415-417, 1948. 


. EAGLE, HL Data to be published. 
Mrter, J. L., Statxin, M. H. and Jounson, B. A. 


Local use of bacitracin. 7. Invest. Dermat., 10: 
179-188, 1948. 


. Faust, E. C. Personal communication. 

. Most, H. Data to be published. 

. Loncacreg, A. B. Personal communication. 

. TenGc, P. and ME .eney, F. L. Bacitracin levels in 


the cerebrospinal fluid after parenteral injections. 
Bacitracin therapy of experimental staphylococcal 
meningitis in the dog. Accepted for publication in 
Surgery. 

Reisner, E. H., Jr., BALtey, F. N. and APPLEBAUM, 
E. The treatment of pneumonia with bacitracin. 
Ann. Int. Med., to be published. 

MELENEY, F. L., ALTEMEIER, W. A., LONGACRE, 
A. B., Puvaski, E. J. and Zinte.t, H. A. The 
results of the systemic administration of the anti- 
biotic, bacitracin, in surgical infections. A pre- 
liminary report. Ann. Surg., 128: 714-731, 1948. 

Micuig, A. Personal communication. 

MELENeEY, F. L., Loncacre, A. B., ALTEMEIER, 
W. A., Ressner, E. H., Jr., Putasxi, E. J. and 
ZInTEL, H. A. The efficacy and the safety of the 
systemic administration of bacitracin in various 
types of surgical and certain medical infections 
with an analysis of 270 cases. Surg., Gynec. & Obst., 
to be published. 

Craic, L. C., Grecory, J. D. and Barry, G. T. 
Purity studies on polypeptide antibiotics: baci- 
tracin. Read before the Second National Sym- 
posium on Recent Advances in Antibiotics 
Research in Washington, D. C., April 12, 1949. 


. Brown, M. Personal communication. 
> SANDUSKY, W. R., Keesre, E. F. and WHarRTON, 


W. P. The use of bacitracin in experimental 
clostridial infections. — for publication 
in Ann. Surg. 


AMERICAN JOURNAL OF MEDICINE 


4 

8 

9 

10 

11 

12 

13 

14 

= 

= 

| 20 


The Polymyxins’ 


A Review and Assessment 


Puitre G. STANSLy, Ph.D. 
Stamford, Connecticut | 


OLYMYXIN is a generic term for a group 
of related antibiotics derived from 


Bacillus polymyxa, a spore-forming 
rod occurring in soil. The various poly- 
myxins are relatively simple, basic poly- 
peptides which form water-soluble salts with 
mineral acids. Biologically they are charac- 
terized by their high activity against gram- 
negative bacteria and their therapeutic 
activity in systemic infections produced by 
susceptible micro-organisms. 


CHEMISTRY 


Four distinct polymyxins have been 
isolated from the metabolism liquor of dif- 
ferent strains of B. polymyxa and are 
designated polymyxins A, B, C and D.! 
Polymyxin A was formerly called ‘‘Aero- 
sporin” and polymyxin D ‘“Polymyxin.” 
The peptide nature of the polymyxins, 
which have molecular weights of at least 
1,000, is well-established and their amino 
acid composition has been determined.” * 
These are given in Table 1. It can be seen 
that each of the polymyxins consist of only 
three or four a-amino acids, and that those 
common to all are a,y-diaminobutyric acid 


and threonine. The isolation of a,y-diam{no- | 


butyric acid from the polymyxins represents 
the first demonstration of this amino acid 
as a constituent of a natural product. ‘ 

The configuration of the amino acids in 
polymyxins A and D has been established 
as L (so-called ‘“‘natural’’ configuration) for 
a,y-diaminobutyric acid and_ threonine, 
and D (so-called ‘‘unnatural”’ configura- 
tion) for leucine and serine. 

In addition to the amino acids shown in 


Table 1 the polymyxins also contain an 
optically active branched-chain fatty acid 
of empirical formula C which is 
identical in polymyxins A, B and D. Ac- 
cording to Catch et al.* the substance is 
6-methyloctanoic acid and is thought - to 


TABLE 1 
AMINO ACID COMPOSITION OF THE POLYMYXINS 
| y-Di- 
Poly- | amino- | Threo- Phenyl- 
myxin | butyric | nine | alanine | Serine 
Acid 
A + | + + 
B +> + + 
C + + 
D + + + + 


-+ denotes presence of amino acid. 


exist as an N-acyl group in the polymyxin 
molecule. | 

There is ample evidence from partition 
chromatography and_ solvent distribution 
studies? for the elaboration by polymyxin D- 
producing strains of B. polymyxa of smaller 
quantities of biologically active components 
which appear to have the same qualitative 
and quantitative composition as polymyxin 
D but differ from it physically and possibly 
biologically. Jones* also describes a poly- 
myxin (polymyxin E) the qualitative com- 
position of which is identical with that of 
polymyxin A but the speed of which in 
partition chromatography approximates B. 

The polymyxins are stable under physi- 
ologic conditions of pH and temperature 
either in aqueous solution or as a powder. 
On the other hand, polymyxin D and pre- 


*From the Chemotherapy Division, Stamford Research Laboratories, American Cyanamid Company, Stamford, 
Conn. 


DECEMBER, 1949 


807 


808 


sumably the other polymyxins are unstable 
under alkaline but not acid conditions, the 
rate of destruction depending upon the pH 
and temperature.*® Polymyxins A and D are 
unaffected by proteolytic enzymes. 

The remarks which follow are concerned 
with polymyxins A, B and D. No experi- 
mental investigations have been reported for 
polymyxins C or E.* 


ANTIBACTERIAL ACTIVITY IN VITRO 


The outstanding antibiotic property of 
the polymyxins is their specificity for gram- 
negative bacteria and, as a corollary, their 
almost uniform lack of activity against 
eram-positive bacteria. To those concerned 
with problems of this nature the polymyxins 
may provide a useful tool in elucidating 
fundamental distinctions between these two 
groups of micro-organisms. Available in- 
formation indicates®**® that polymyxins A, 
B and D of comparable purity do not differ 
materially in their effect on bacteria zn vitro 
either qualitatively or quantitatively. 

As might be expected, refractory organ- 
isms in the gram-negative group occur. 
Members of the genus Proteus are generally 
resistant although exceptions to this exist.° 
All other genera studied are sensitive. These 
include Aerobacter, Brucella, Eberthella, 
Escherichia, Hemophilus, Klebsiella, Pas- 
teurella, Pseudomonas, Salmonella, Shigella 
and Vibrio. Occasional resistant species or 
strains are encountered, however, and some 
variation in sensitivity from genus to genus, 
species to species and strain to strain have 
been observed. Some Neisseria have been 
found sensitive to A and D, others resistant. 
A peculiar finding’® is the resistance in vitro 
of a strain of N. intracellularis against 
which, however, polymyxin D was ef- 
fective in mice. 

The size of inoculum has an appreciable 
effect on the titration end points of the 
polymyxins. Thus increasing the inoculum 
by ten-fold steps from about 2 cells to 
20,000,000 cells of E. coli per ml. raised the 


* Polymyxin E has been used clinically by Pulaski and 
Rosenberg.'® However, E is not treated separately or 
otherwise distinguished from B in this study. 
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end point also stepwise from 0.02 to 6 ug. / 
ml. of polymyxin D.° 

The activity of the polymyxins does not 
appear to be appreciably affected by the 


_composition or pH of the test medium or by 
the inclusion of blood or serum.*!! Bliss et 


al.!! noted moderate antagonism of poly- 
myxin D by soap, lecithin and lipositol. 

A notable feature of the polymyxins is the 
difficulty experienced by most investigators 
in developing resistant strains from sensitive 
species.° 11215 Presumably, therefore, re- 
sistant mutants are rare. Nevertheless, 
resistant strains have been obtained ex- 
perimentally in some instances.* 

There is general agreement that the 
polymyxins are rapidly bactericidal and 
that this is the primary antibiotic action. 
As an indication of the speed of sterilization, 
Bliss et al.!! found that when 100,000 cells 
per ml. of E. coli were exposed to 0.2 ug. /ml. ~ 
of polymyxin D in broth, only 20 viable 
cells per ml. remained after one hour and 
one after three hours. 

A phenomenon which may have bearing 
on the mechanism of action of the poly- 
myxins is the apparent lvtic effect on sensi- 
tive species by polymyxins A and D noted 
by White et al. This was evidenced by a 
rapid decrease in the turbidity of a cell sus- 
pension exposed to moderate concentrations 
of the antibiotics. Heat-killed cells were not 
affected. Under similar conditions strepto- 
mycin failed to cause any change. Not all 
polymyxin-sensitive strains were “‘lysed,”’ 
however. Hence there is no clear cut re- 
lation between bactericidal and ‘“‘lytic”’ 
activity. 


EXPERIMENTAL CHEMOTHERAPY 


The therapeutic effectiveness of poly- 
myxins A, D and, to a lesser extent, B has 
been determined for a variety of experi- 
mental gram-negative infections, particu- 
larly in mice., In general, the zn vivo results 
parallel the in vitro results; that is, infections 
produced by organisms sensitive to the 
antibiotic in vitro were favorably influenced; 
infections produced by organisms resistant 
to the polymyxins zn vitro, including gram- 
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positive organisms, were unaffected. The 
one known anomaly in this regard is that 
previously mentioned concerning a strain 
of meningococcus.?!° 

Experimental chemotherapy has been 
studied with fewer organisms but in greater 
detail with polymyxin D® than A or B. A 
typical experiment relating dose to chemo- 
therapeutic effect of polymyxin D in an 
otherwise rapidly fatal experimental infec- 
tion with K. pneumoniae in mice is illus- 
trated in Table 1 and requires no further 
comment. In agreement with the in vitro 
results, increasing the inoculum increased 
the dose required to obtain the same thera- 
peutic response. If treatment was delayed 
after infection, the dose required for a given 
therapeutic effect was also increased,'‘ 


probably reflecting, in part, the increased - 


number of organisms in the mouse. 

A single dose of polymyxin D was found 
to be more effective than the same amount 
given in divided doses. Thus in the case of 
K. pneumoniae in mice!‘ a single dose of 
1 mg./Kg. at the time of infection pro- 
tected 85 per cent of the mice; 0.5 mg. /Kg. 
at once followed by 0.5 mg. /Kg. at three, 
six or twenty-five hours protected 70, 65 
and 55 per cent, respectively; 0.25 mg. /Kg. 
at once and repeated at three, six and 
twenty-four hours resulted in only 5 per 
cent survivors. 

Parenterally administered polymyxin D 
was more effective than orally administered 
drug. It was found® that in the case of K. 
pneumoniae in mice oral administration 
required about sixty-four times as much 
drug to obtain the same therapeutic response 
as when administration was by the subcu- 
taneous or intravenous route. _ 

Other experimental infections favorably 
influenced by polymyxin D were Pasteurella 
multocida,** H. influenzae b,'* H. pertus- 
sis* and E. typhosa in mice,’ and Shigella 
gallinarum in fowl.® 

Experimental mouse infections studied 
by Brownlee et al.*!® and found to be 
favorably influenced by polymyxin A were 
E. typhosa, E. coli, H. influenzae, K. 
pneumoniae, H. bronchisepticus, H. per- 
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tussis and Ps. pyocyanea. In the few studies 
with polymyxin B* the results obtained were 
comparable to polymyxin A. 

In direct comparisons of polymyxins A 
and D of comparable purity White et al. 
found D to be 30, 50 and 90 per cent as 


TABLE 
THERAPEUTIC ACTIVITY OF POLYMYXIN HYDROCHLORIDE 
AGAINST KLEBSIELLA PNEUMONIAE, STRAIN BE, IN MICE 

Mice: . Vanderwerken; 16-24 Gm. 

Infection: Intraperitoneal; 0.5 cc. of 10~® dilution of a 
4-hour broth culture; 5,000 + 2,000 organ- 
isms. 

Treatment: Subcutaneous; single dose given immediately 
after infection; aqueous solutions of drug at 


pH 7.0 + 0.2. 
Survival—21 Days after Infection 
Dosage f 
mg./Kg. 
Alive/Total Per Cent Time 
4.0 70/70 100 
2.0 70/70 100 
1.0 70/70 100 
0.8 76/80 95 4.5 
0.6 69/80 86 5.6 
0.4 40/80 50 3.8 
0.2 0/80 0 4.7 
Untreated 0/80 0 1.3 


* From Polymyxin: a new chemothcrapeutic agent. 
P. G. Stansty, R. G. SHEPHERD and H. J. Wuire. Bull. 
Johns Hopkins Hosp., 81: 43-54, 1947. With permission 
of the Editors. 


tf Dosage expressed as pure polymyxin hydrochloride, 
2,000 units per mg. 
t Average survival time (days) for mice that died. 


effective as A in experimental infections 
produced in mice by H. pertussis, K. 
pneumoniae and P. multocida, respectively. 
A parallel study by Brownlee et al.? with 
other organisms gave similar results except 
for H. pertussis, in which case Brownlee 
considered polymyxin D to be one-seventh 
as effective as polymyxin A. Both groups of 
investigators were in agreement that poly- 
myxin D was approximately one-half as 
acutely toxic for mice as polymyxin A.*® 
As was suggested by the zn vitro results, 
both polymyxin A!* and D’° were found to 
be about ten times more effective weight 
for weight than streptomycin in experi- 
mental infections in mice produced by 


susceptible bacteria. 
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EXPERIMENTAL AND CLINICAL _ 
PHARMACOLOGY 


It should be borne in mind that pharma- 
cologic and clinical data have been ob- 
tained with polymyxin preparations of 
about 70 per cent purity. The impurities 
may be of minor importance in absorption 
and distribution of the antibiotics but may 
play a significant role in producing toxic 
effects. Unfortunately, the effect of impuri- 
ties has not been evaluated and we are 
obliged to consider toxic reactions, when- 
ever they occur, as being due to the anti- 
biotic unless it is proved otherwise. 

Lethal Toxicity of Polymyxins A, B and D in 
Experimental Animals. In mice the acute 
lethal dose of the polymyxins is dependent 
upon the route of administration. Thus 
Brownlee et al.® found the relative lethal 
dose (LDs5o) for the intravenous, intraperi- 
toneal and subcutaneous routes to be in the 
approximate order of 1, 2 and 13. This 
relationship held for each of the antibiotics. 
With a lethal dose the time at which death 
occurs is also dependent upon the route of 
administration, being two to thirty minutes 
after intravenous, two to four hours after 
intraperitoneal and up to thirty-six hours 
after subcutaneous administration for all 


- three antibiotics. For all three routes and 


for material of equivalent potency, poly- 
myxin D was found to be about one-half as 
acutely toxic as polymyxins A or B.*® As 
an indication of the absolute amount of a 
polymyxin required to produce death the 
results of Bryer et al.!* are of interest. They 
determined the LDs5o for two lots of poly- 
myxin D administered as a’ single dose 
subcutaneously in mice. One lot had an 
LDs5o of 250 to 300 mg. /Kg. and the other 
400 to 500 mg. /Kg. The symptoms preced- 
ing death were ataxia, convulsions, paralysis 
and respiratory arrest. 

Dogs survived single intravenous injec- 
tions of 10 to 15 mg. /Kg. of polymyxin D. 
Rapid intravenous injection of 25 mg. /Kg. 
or intravenous drip with a total of 35 mg. / 
Kg. was fatal.'* The symptoms observed 
included paralysis and apnea, death occur- 
ring at twenty minutes and two and one- 
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half hours, respectively. Doses of 5 or 10 
mg./Kg. intramuscularly twice daily for 
seven days were well tolerated. Intrathecal 
injections of 1 or 5 mg. produced no unto- 
ward reaction while 10 mg. produced a 
transient paresis of the hind legs. 

Experimental and Clinical Absorption, Dis- 
tribution and Excretion. ‘Therapeutic blood 
levels are readily attained by parenteral 
administration of polymyxins A, B and D. 
Absorption from the gastrointestinal tract 
also takes place, at least with polymyxins B 
and D. With adequate dosage therapeutic 
effects in systemic infections are obtainable 
by this route both experimentally® and 
clinically. 

Polymyxin A: The information available 
on polymyxin A is meager. Subcutaneously 
administered in rabbits it appears promptly 
in the plasma but not in the red cells of the 
blood nor in the spinal fluid.'® Swift’ ob- 
tained serum levels of from 0.2 to 1.6 ug. /ml. 
one hour following an intramuscular injec- 
tion of from 2.1 to 4.0 mg. in children of one 
month to two and one-half years of age. 

Polymyxin B: Polymyxin B was adminis- 
tered by Kaplan et al.'*® to a group of 
children intramuscularly (0.8 mg. /Kg. every 
four hours for five days) or by aerosol in- 
halation (0.5 mg. /Kg. four times daily for 
five days). Serum levels determined in 
twenty-six cases three and one-half to four 
hours following intramuscular administra- 
tion gave 2.8 to 7.0 (av. 4.6) mg. /ml. 
Thirteen cases in the aerosol group gave 2.0 
to 2.6 (av. 2.3) wg./ml. after one hour. 
Cumulative effects were not observed since 
levels were approximately the same on the 


_ third, fourth or fifth days of treatment. Ross 


et al.!® also found in children that a dosage 
of 3 mg./Kg. orally every four hours, com- 
bined with 0.5 mg./Kg. intramuscularly 
every four hours, gave spot blood levels of 
1.4 to 4.2 ug./ml. No detectable blood level 
was found upon oral administration alone. 
It was inferred, however, that absorption 
took place since one-third of the patients 
showed elevated blood non-protein nitrogen 
attributed to the nephrotoxic effect of the 
drug. 


AMERICAN JOURNAL OF MEDICINE 


| 


The Polymyxins—Stansly 


Pulaski and Rosenberg’? noted that in 
man the peak serum concentration occurred 
two hours following intramuscular adminis- 
tration of 2 to 4 mg. /Kg. At six hours one- 
half of the peak concentration was still 
present, and at twelve hours there was still 
a measurable level. Cumulative serum con- 
centrations were observed if the doses were 
more frequent than at twelve-hour inter- 
vals. ‘They noted that although excretion of 
polymyxin B was primarily renal it was 
slower than that of penicillin or streptomy- 
cin. During the first twelve hours after 
injection less than 0.1 per cent of the dose 
was recovered in the urine, but following 
this a progressive increase in urinary excre- 
tion occurred. When the daily dose was 
3 mg. /Kg., the concentration in the urine 
after twenty-four hours ranged from 40 to 
400 yg. /ml. 

Polymyxin D: In dogs" single intramuscu- 
lar doses of 5 and 10 mg./Kg. gave serum 
levels of 2.5 and 5.0 ug. /ml. after one and 
one-half hours, decreasing to 1.25 and 
2.5 wg. /ml. after three and one-half hours. 
Levels four times these were obtained with 
similar doses twice daily for seven days. 
Practically all the antibiotic disappeared 
from the serum twenty-three hours after the 
last injection. No polymyxin was detected 
in the spinal fluid even with serum levels 
as high as 320 ug. /ml. obtained by intra- 
venous drip. Intrathecal administration of 
1, 5 and 10 mg. resulted in spinal fluid 
levels of 10 to 500 ug. /ml. which fell to 0.3 
to 20 wg. /ml. in two to five hours. Blood 
levels of 1.25 to 0.6 wg. /ml. were obtained 
with the 5 and 10 mg. doses. 

In man”® intramuscular administration 
of 3 mg. /Kg. /day in divided three-hourly 
doses gave blood levels of 0.6 to 1.3 ug. /ml. 
within twelve hours. On continued treat- 
ment the level rose to 2.5 and 5 ug. /ml. 
Accumulation of drug was not apparent. 

When administered in daily doses of 4 to 
7 mg/Kg. a lag in urinary excretion of 
approximately twelve hours was noted, 
paralleling the observation made by Pulaski 
and Rosenberg’? with polymyxin B. Drug 
then appeared in the urine, increasing 
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rapidly so that by seventy-two to ninety-six 
hours approximately 60 per cent of the 
administered drug was excreted. The con- 
centration in the urine varied between 10 
and 100 ug. /ml. 

Toxic Reactions. Polymyxins A and B: Ac- 
cording to Brownlee and Bushby’® all 
batches of polymyxin A contained an anti- 
diuretic factor for rats on “‘high dose”’ levels. 
Antidiuresis, however, was not observed in 
man on “therapeutic”? dosage. All batches 
but one caused damage of the renal tubules 
which was accompanied by albuminuria. 
The effect was at first said to vary inversely 
with purity but subsequent data did not 
support this conclusion.* The antidiuretic 
and tubule-damaging factors were thought 


to be distinct. 


Brownlee et al.° attempted to counteract 
the tubular effects of polymyxin A in rats 
by treatment with a variety of amino acids 
and related compounds. D,L-methionine 
was considered to be significantly active. 
In dogs the data indicated that complete 
protection against the effect of 1 mg. of 
polymyxin A four times daily was afforded 
by a single injection of 5 mg./Kg. of 
methionine. This salutary effect of methio- 
nine in counteracting albuminuria caused 
by polymyxin A did not carry over to 
man.°®?? 

Comparisons of the renal toxicity of 
polymyxin A and B were made in the rat, 
rabbit, dog and, to a minor extent, in man. 
The protocols, unfortunately, suffer from a 
lack of clarity. For instance, in the rat ex- 
periment the doses administered are not — 
given. In the data on man the two subjects 
on polymyxin B received one-half and one- 
fifth, respectively, of the dose the subjects 
on polymyxin A received. Furthermore, in 
several instances an element of uncertainty 
exists as to whether or not the dose was 
adjusted in accordance with the varying 
potencies of the batches of drug used. The 
rabbit and dog experiments were less con- 
fusing and the data in these suggest that 
less proteinuria was associated with ad- 
ministration of polymyxin B than A. 

In man the most serious symptoms associ- 
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ated with administration of the polymyxins 
are those attributable to renal damage. Of 
lesser importance are certain subjective 
nervous symptoms associated with ad- 
ministration of polymyxin B and, possibly, 
of E. Finally, minor disturbances, such as 
elevated temperatures, malaise, etc., have 
also occurred with the various polymyxins. 

Ross et al.'® treated patients orally with 
polymyxin B, or both orally (2 to 3 mg. /Kg. 
every four hours) and intramuscularly (0.5 
mg./Kg. every four hours). Only six cases 
comprised the latter group. The majority 
of toxic reactions occurred after intramuscu- 
lar administration. Malaise and anorexia 
were noted in three of the six patients. 
Blood non-protein nitrogen did not increase 
significantly. Albuminuria, ranging from 15 
to 200 mg. per cent, was observed in two 
of the six cases while casts and white cells 
were seen in five. In all instances urinary 
and blood abnormalities disappeared within 
two to four days after termination of therapy. 

Pulaski and Rosenberg’® studied twenty 
cases of severe urinary tract infections 
treated with polymyxins B or E. Treatment 
was intramuscular for two to six days. None 
of the patients developed drug sensitivity. 
When the dosage did not exceed 2.5 mg. / 
Kg. /day, there was no increase in blood 
urea, blood non-protein nitrogen or any 
consistent evidence of nephrotoxicity. When 
the dosage exceeded 4 mg. /Kg., the amount 
of albumin and the number of red, white 
and renal cells in the urine increased. 
Granular casts were seen only inconstantly. 
Oliguria and fixation of the specific gravity 
of the urine at a low level were not con- 
sistently observed. In any case urinary 
abnormalities produced as a result of 
therapy disappeared within a week after 
the drug was withdrawn. 

In practically every instance, however, 
nervous phenomena were associated with 
administration of these two polymyxins. 
These symptoms consisted of paresthesias 
and hypesthesias about the face and scalp, 
mild dizziness and weakness. The symp- 
toms persisted throughout treatment and 
disappeared within twenty-four hours after 
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completion of therapy. ‘The symptoms were 


not severe enough to warrant cessation of 
therapy. Adrenalin, intravenous ¢alcium or 
antihistaminics did not produce relief. 


- Objective neurologic abnormalities could 


not be demonstrated. 

Jawetz and Coleman" also call attention 
to the neurologic disturbances accompany- 
ing therapy with polymyxin B. They lasted 
while the drug was administered and sub- 
sided thirty-six to forty-eight hours after it 
was discontinued. No residual effects were 
observed. In-their series of ten adults treated 
intramuscularly with doses of 20 mg. (about 
0.5 to 1.0 mg./Kg.) every four to eight 
hours for three to four days no evidence of 
renal damage was detected. 

In Kaplan’s et al.'® series of eighty-four 
children treated intramuscularly (0.8 mg. / 
Kg. every four hours for five days) or by 
inhalation (about 0.5 mg./Kg. four times 
daily) with polymyxin B, albuminuria was 
present in thirty-three of sixty-six intra- 
muscularly treated patients, varying from 
a trace to 3 plus and frequently associated 
with white cells. In all cases the urinary 
findings disappeared after treatment was 
discontinued. The most distressing symp- 
toms noted were marked lethargy, irrita- 
bility and anorexia in all intramuscularly 
treated patients. ‘These symptoms persisted 
until therapy was ended. Oliguria was 
present in several patients but was believed 
to be secondary to anorexia. As might be 
expected, toxicity was less pronounced with 
aerosol-treated patients because of the 
lower blood levels obtained. | 

The only available information concern- 
ing polymyxin A is that of Swift!” who 
treated ten children intramuscularly with 
2.1 to 4.0 mg. (about 0.5 mg./Kg.) of 
polymyxin A usually at four-hour intervals 
for varying periods up to seven days. 
Transient albuminuria developed in nine 
of the ten patients varying from a trace to 
400 mg. per cent. In most instances the 
albuminuria disappeared within a week. 
Gross hematuria was not observed but red 
blood cells and granular and hyaline casts 
were noted in four of the cases. 
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Polymyxin D: Experimentally Bryer et 


al.'* found that a large single daily subcu- 


taneous dose (20 mg. /Kg.) of polymyxin D 
in dogs led within twenty-four hours of the 
first injection to the appearance of epi- 
thelial cells, cellular casts and albumin in 
the urine. The specific gravity decreased 
but the urinary output was maintained 
and usually increased. The administration 
of D,L-methionine did not prevent the 
urinary changes. The albuminuria tended to 
decrease despite continuation of treatment. 

Schoenbach et al.”° treated twenty-two 
patients suffering from a variety of infec- 
tions with polymyxin D intramuscularly (in 
one case subcutaneously) with 3 to 7 mg. / 
Kg./day in divided doses. Albuminuria, 
cellular casts, granular casts and large 
epithelial cells appeared in some of the 
patients, particularly in those receiving the 
larger doses. The more severe effects oc- 
curred in those patients with pre-existing 
renal impairment. In some patients the 
albuminuria disappeared even though treat- 
ment continued. Azotemia was noted in 
four patients and oliguria in one. Epigastric 
distress with anorexia was noted on five 
occasions with four patients but disap- 
peared during treatment. Blood counts and 
liver function tests were normal. 

General: Practically all who have studied 
the polymyxins clinically report an occa- 
sional rise in temperature associated with 
parenteral administration. On the other 
hand, Kaplan et al.’® found that sixty-two 
of sixty-four patients on polymyxin B 
reacted in this way and developed an 
average temperature of 101° to 102°F. for 
as long as therapy was continued. 

Pain at the site of intramuscular injection 
was another frequent complaint, and was 
relieved in most instances by administration 
of the drug in 1 per cent procaine or similar 
anesthetic. According to Kaplan et al. less 
pain was associated with polymyxin B sul- 
fate than hydrochloride. 

Both Brownlee et al.* and Bryer et al." 
are in agreement that the renal damage 
produced by the polymyxins is confined to 
the tubular epithelium. The effect on the 
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tubular epithelium is reversible, as evi- 
denced by the fact that (1) clinically the 
proteinuria disappears upon cessation of 
drug and sometimes decreases even upon 
continuation of the drug and (2) experi- 
mentally there is histologic evidence of 
tubule regeneration in animals sacrificed 


-while under continuous administration. !* 


THERAPY IN MAN 


Polymyxin A in Pertussis. Swift’s series of 
ten unselected cases of pertussis is the only | 
report available of the therapeutic use of 
polymyxin A in man.” Diagnosis of pertus- 
sis was symptomatic except for one case in 
which the causal organism was isolated. 
The patients ranged from one month to 
two and one-half years old. Administration 
was 0.4 mg. every 4 hours intramuscularly 
for 5 days in mild infections, and 0.8 mg. 
every 3 or 4 hours in severe infections. 
Blood levels at 4 hours were 0.2 to 0.4 


pg. /mil. 


Two cases (fourteen months and two and 
one-half years) were early and mild and 
their recovery was uneventful. Three (two 
months, six and one-half months and two 
years) were moderately severe and were 
considered to be favorably influenced by 
therapy; paroxysms and vomiting rapidly 
subsided and whooping ceased between 
the sixth and thirteenth days. The other 
five patients (one, one and three-fourths, 
three, five and seventeen months) were 
severely ill. In two of these death seemed 
imminent but one (one month) responded 
promptly and recovered. The other (seven 
weeks) was complicated by gastroenteritis. 
Cyanosis, apnea and whooping rapidly 
disappeared but the child died of gastro- 
enteritis. The third (three months) re- 
sponded to a second course of polymyxin A 
but not to the first. The dose of the first 
course was believed to be too small. The 
fourth severe case (five months) recovered 
rapidly and the fifth (seventeen months), 
a case of two weeks’ duration, was respon- 
sive but died of staphylococcal lung abscesses. 

Swift concluded that “all these cases 
showed a definite response in the first forty- 
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eight hours; the ultimate benefit obtained 
seemed to depend on the duration of 
symptoms before the start of treatment 
rather than on the severity of the disease 
or the patient’s age.”’ 

Polymyxin A in Abdominal Surgery. Poly- 
myxin A was included by Pulaski et al.?! 


in a study to evaluate various substances as. 


preoperative antiseptics in gastrointestinal 
surgery. Twelve patients received 200 or 
400 mg. of polymyxin A in divided doses 
four times daily for as long as sixteen days. 
All coliform organisms except Proteus were 
suppressed within twenty-four to sixty 
hours and suppression was maintained for 
two days after administration was discon- 
tinued. There were no toxic reactions. 
Polymyxin B in Specific and Non-Specific 
Enteritis 1n Children. Forty patients were 
treated by Ross et al.'® as follows: eighteen 
cases of non-specific enteritis, 2 mg. /Kg. 
orally every four hours for four to ten days; 


sixteen cases of Shigella enteritis (sonnei. 


and flexner), 3 mg./Kg. orally every four 
hours for seven to fifteen days; four cases of 
Salmonella enteritis, orally (3 mg. /Kg.) 
and intramuscularly (0.5 mg./Kg.) every 
four hours; and two cases of typhoid fever 
orally (2 mg./Kg.) and intramuscularly 
(0.5 mg. /Kg.) every four hours. 

No salutary effect either with respect to 
the duration or severity of the diarrhea was 
detected in the patients with non-specific 
enteritis. ‘The authors note that these 
results are at variance with the favorable 
results reported in the majority of some 
forty odd cases of presumably non-specific 
gastroenteritis mentioned by Brownlee.?? 

Of the sixteen cases of Shigella infections 
fourteen were regarded as having been 
bacteriologically and clinically cured. The 


stools became negative for the pathogen | 


in one to four days. Only two of the four 
cases of Salmonella infection received drug 
long enough to evaluate its effect. One of 
these was bacteriologically cured while the 
other suffered a recurrence after ‘cessation 
of therapy. Therapy in the other two cases 
was stopped prematurely on account of the 
appearance of untoward reactions. No 
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striking clinical effect resulted in the two 
cases of typhoid although the organisms 
were very sensitive in vitro and the bacteri- 
ologic response of the patients was regarded 
as encouraging. 

Polymyxin B in Uninary Tract Infections. 
Twenty patients with severe urinary tract 
infection were treated with polymyxin B 
and E by Pulaski and Rosenberg.!® All but 
one of these patients had had previous 
extended trials with other agents including 
penicillin, streptomycin and sulfonamides. 
Polymyxin therapy consisted of intramuscu- 
lar administration of an average of 2.5 mg. / 
Kg. /day generally in four divided doses for 
periods ranging from two to six days. 

Ten of the twenty patients were regarded 
unequivocally as having been benefited by 
polymyxin. Improvement was noted by the 
s¢cond day of treatment and was manifested 
by reduction or elimination of bacteria in 
the urine, regression of symptoms, decrease 
in fever and improvement in the urine as 
determined by complete urinary analysis. 
The outcome was considered to be particu- 
larly gratifying in acute Pseudomonas pye- 
lonephritis cases. In all improved patients 
improvement was sustained for a minimum 
follow-up of three weeks. 

In seven instances the results of polymyxin 
therapy were considered doubtful. Each of 
these patients had severe, long-standing 
pyelonephritis. All the patients, however, 
had an immediate clinical or bacteriologic 
response or both but there was either no 
permanent improvement despite elimina- 
tion of the organisms or the organisms were 
not completely eliminated. 

Three cases were regarded as failures. 
One had a Proteus organism resistant to 
polymyxin. The other two had scarred 
kidneys with multiple cortical foci of infec- 
tion. One of the latter patients had in addi- 
tion a mixed infection, one of the organisms 
being Proteus. 

Jawetz and Coleman” studied ten cases 
of urinary tract infection treated with 
polymyxin B. All had failed to respond to 
sulfonamides and streptomycin. Adminis- 
tration of polymyxin was intramuscular, 
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20 mg. every four to eight hours (approxi- 
mately 0.5 to 1.0 mg. /Kg. /day) for three 
or four days. An effort was made to main- 
tain serum levels between 2 and 10 yg /ml. 
No detailed analysis of the results are given 
except in one case. The authors summarize 
their findings as follows: “*. . . Polymyxin 
B .... eliminated susceptible bacteria from 
urine and controlled symptoms. The short 
course of treatment, however, was followed 
by a bacteriologic relapse within one to 
three weeks.’”? The authors regard the 
therapy as having been, “within its scope, 

. successful.”? Prolonged treatment was 
not attempted because of unfavorable side 
reactions. 

Polymyxin B in Influenzal Meningitis. “A 
single case treated successfully with poly- 
myxin B is given in detail by Kagan.”* The 
patient was a thirteen month infant who 
had received large doses of sulfadiazine and 
streptomycin and also specific rabbit anti- 
influenzal serum to no avail. When the child 
had had meningitis for four weeks and a 
fatal termination seemed inevitable, therapy 
with polymyxin B was instituted. Adminis- 
tration was intramuscular and intrathecal 
on the first day (5 mg. /Kg. in divided doses 
intramuscularly and 1 mg. intrathecally) 
and intrathecal only on the succeeding five 
days (3.5 mg. /day). The infant was afebrile 
for the first time on the fifth day and 
markedly improved on the sixth. He im- 
proved rapidly and was discharged as 
cured fifteen days after inception of poly- 
myxin therapy. The causal organism was 
sensitive to 0.4 units of polymyxin B per ml. 
A detailed examination of the infant 
three months after discharge revealed no 
abnormalities. 

Polymyxin B in Pertussis. Kaplan et al.'® 
studied the effect of polymyyxin B on eighty- 
four infants and children. Administration 
in sixty-six patients was intramuscular, 0.8 
mg. /Kg. every four hours for five days, and 
in the remainder by aerosol inhalation, 
about 3 mg. /Kg. /day in divided doses four 
times daily. In both series of patients blood 


levels were well above those necessary to 


prevent the growth of H. pertussis zn vitro. 
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Of the sixty-six intramuscularly treated pa- 
tients twenty-three were adjudged as im- 
proved, seven as equivocal and thirty-six as 
failures. A case was considered as improved 
if clinical improvement took place within 
seven days of the staft of therapy. Of the 
patients treated by inhalation five were 
improved, five equivocal and eight failures. 

It was concluded that a significant 
therapeutic effect of polymyxin B in Pertus- 
sis was not clearly demonstrated. It seems 
unfortunate that the duration of illness be- 
fore the start of therapy was not taken into 
consideration in this study. It may be 
recalled that it was Swift’s impression that 
the efficacy of polymyxin A in pertussis was 
dependent upon the duration of symptoms 
prior to institution of therapy. 

Polymyxin B in the Local Treatment of 
Wounds. Pulaski and Rosenberg?’ record 
that topical application of 1 per cent poly- 


-myxin in saline or carbowax resulted in 


sterilization of several Pseudomonas aeru- 
ginosa-infected granulating wounds. 
Schoenbach et al.”° treated twenty-two 
patients with polymyxin D who suffered 
with infections produced by a variety of 
gram-negative organisms. The results are 
summarized in Table 11 and those of special 
interest are amplified below. | 
Polymyxin D in Pseudomonas Aeruginosa. 
A case of particular interest was a-nine year 
old boy with generalized exfoliative derma- 
titis which became infected with Ps. aeru- 
ginosa and 6 Str. hemolyticus. He also had 
a pyelonephritis with Ps. aeruginosa as the 
infecting organism. He was considered to 
be gravely ill and did not improve despite 
large doses of penicillin, streptomycin and 
sulfadiazine. Polymyxin therapy was in- 
stituted on the twentieth hospital day at a 
dosage of 3 mg./Kg. /day intramuscularly 
for twenty days. Blood levels of 0.6 to 2.5 
pg./ml. were obtained. Cultures of the 
urine became negative within twenty-four 
hours and Ps. aeruginosa was completely 
eliminated from the skin in ten days. Urine 
examination revealed a 4+ albuminuria 
and casts on the third day which disappeared 
while treatment was continued. Blood non- 
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protein nitrogen was 37 mg. per cent before 
therapy with polymyxin and was unchanged 
after twenty days of treatment. Because of 
the streptococcus, penicillin therapy was 
continued along with polymyxin. The 
patient completely recovered. 
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uneventful convalescence after three days 
of polymyxin therapy. | 

Polymyxin D in Brucellosis. ‘Two patients 
with acute brucellosis were treated for ten 
to fourteen days. Both experienced relief of 
symptoms rapidly and became afebrile 


TABLE 
SUMMARY OF CLINICAL TRIALS WITH POLYMYXIN D 
Treatment Results 
No. Age of 
nel Treated | Patients Daily No. of 
Dose Dav, | Cultural | Clinical 
mg./Kg 
Pseudomonas aeruginosa infection......... 3 8 wk.-9 yr. 3-7 3-20 | Excellent | Excellent 
5 6 wk.-—4 yr. 3-7 4-5 Doubtful | Good 
Aerobacter aerogenes.................... 3 Adults 4-7 4 Excellent | Good 
2 Adults 3-4 4-15 | Excellent | Good 
chronic, none 
4 11, 16, 27, 4 2-5 Good Variable 
62 years 


* From The clinical use of polymyxin. E. B. ScHoensBacn, M. S. Bryer and P. H. Lona. Ann. New York Acad. Sc., 


51: 987-997, 1949. With permission of the Editors. 
t Etiology unknown. 


Another case concerned a very severely 
burned child. The burned areas became 
infected with Ps. aeruginosa and the child 
was gravely ill. Polymyxin was administered 
intramuscularly at a dose of 3 mg. /Kg. /day 
for twelve days. The child became afebrile, 
the exudate cleared and the cultures be- 
came negative. There were no complica- 
tions and convalescence was uneventful. 

Polymyxin D in Pertussis. This study in- 
volved five cases. It was the opinion of the 
investigators that the children under one 
year appeared to benefit from therapy 
whereas the older age group was more difh- 
cult to appraise. 

Polymyxin D in Aerobacter Aerogenes. In 
two cases blood cultures became negative 
within twenty-four hours after start of 
therapy and the patients became afebrile. 

Polymyxin D in Peritontis of Unknown 
Etiology. One patient with peritonitis sec- 
ondary to a perforated appendix made an 


within three to four days. Both were 
asymptomatic on follow-up several months 
later. No untoward reactions were noted as 
a result of therapy except transitory albu- 
minuria in one. 

Polymyxin D in Typhoid. ‘The variability 
noted in Table m1 was due to many com- 
plicating factors in the three cases studied. 
One patient was treated in the fourth week 
of illness when he. was in circulatory shock, 
distended and delirious. He died sixty hours 
after treatment was instituted. A second 
patient responded well to minimal doses of 
polymyxin (which was scarce at the time) 
but relapsed three weeks after polymyxin 
was discontinued. A third case was ex- 
tremely serious and concerned a sixty-two 
year old man with pneumonia, phlebitis, 
prostatic obstruction and high fever. No 
improvement resulted from treatment with 
penicillin or streptomycin. Blood and stool 
cultures were found to. be positive for E. 
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typhosa. Polymyxin in doses of 4 mg. /Kg. / 
day was given intramuscularly for five days. 
The temperature fell within twenty-four 
hours and was normal on the fifth day of 
treatment. Blood and stool cultures became 
negative and the patient made an unevent- 
ful recovery after surgical treatment to 
relieve the prostatic obstruction. 


COMMENTS AND CONCLUSIONS 


There can be little doubt that the poly- 
myxins have exhibited effective therapeutic 
activity in certain infections of man pro- 
duced by gram-negative bacteria. It is ap- 
parent, however, that their application in 
this field is likely to be limited because of 
the occurrence of untoward reactions elic- 
ited by material used in the clinical trials. 
They will be limited, for instance, to local 


therapy, to preoperative preparation in 


abdominal surgery and to those systemic 
infections in which the dangers of the 
disease outweigh those of temporary renal 
damage. The latter would include infections 
refractory to the sulfonamides, streptomycin 
or other therapeutic agents, the causal 
organisms of which are of the type suscepti- 
ble to the polymyxins. In these instances 
the polymyxins may, in the words of Long, ”* 
be life-saving. In other instances, as in in- 
fections produced by the Pseudomonas 
group, the polymyxins may, even in their 
present state of purity, be the drugs of choice. 

The toxic reactions elicited by the rela- 
tively crude polymyxins which have been 
used clinically should certainly not be mini- 
mized. On the other hand, it is equally 
important not to overemphasize their oc- 
currence and seriousness. The renal effects, 
which have received major attention, were 
elicited inconstantly and in every case 
appeared to be transitory, sometimes dis- 
appearing even upon continued adminis- 
tration. Whether the subjective nervous 
symptoms associated with administration 
of polymyxin B are limited to this particular 
polymyxin is not known. Here, too, how- 
ever, the effects were transitory. No perma- 
nent injury resulting from administration 
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of the polymyxins in man has yet been 
reported. | 

Clinically the fundamental relations of 
dosage, blood levels, toxicity and therapeu- 
tic efficiency have yet to be elucidated, and 
the scope of the polymyxins in the treatment 
of infectious diseases determined. It is ob- 
vious that much is to be gained if attention 
is given to supplying qualified investigators 
with material of increased purity. 

In this reviewer’s opinion the superiority 
of one polymyxin over another cannot be 
considered to have been demonstrated. 
They do not appear to differ from each 
other materially in their antibacterial prop- 
erties. The claim has been made that 
nephrotoxicity is less frequent and intense 
with polymyxin B than A or D in experi- 
mental animals and is absent in man.* The 
former observation awaits confirmation and 
the latter is refuted by clinical experience 
reported in this review.’ Ultimately, careful 
clinical comparisons will be necessary should 
it develop that the polymyxin type of anti- 
biotic finds a useful place in the therapy of 
infectious diseases caused by gram-negative 
bacteria. | 


REFERENCES 


1. Stans.y, P. G. and BROWNLEE, G. Nomenclature of 
polymyxin antibiotics. Nature, 163; 611, 1949. 

2. Bett, P. H., Bong, J. F., ENcuisu, J. P., FELLows, 
C. E., Howarp, K.S., Rocers, M. M., SHEPHERD, 
R. G. and WINTERBOTTOM, R. Chemical studies 
on polymyxin: comparison with “aerosporin.”’ 
Ann. New York Acad. Sc., 51; 897-908, 1949. 

3. Jones, T. S. G. Chemical evidence for the multi- 
plicity of the antibiotics produced by Bacillus . 
polymyxa. Ann. New York Acad. Sc., 51: 909-916, 
1949. 3 

4. Catcu, J. R., Jones, T. S. G. and Wikxinson. S. 
The chemistry of polymyxin A. Ann. New York 
Acad. Se., 51: 917-923, 1949. 

5. STansLy, P. G., SHEPHERD, R. G. and Wurre, H. J. 
Polymyxin: a new chemotherapeutic agent. Bull. 
Johns Hopkins Hosp., 81: 43-54, 1947. 

6. BROWNLEE, G., BusHBy, S. R. M. and Suorrt, E. I. 
The pharmacology of polymyxin A, B and D. 
Ann. New York Acad. Sc., 51: 952-967, 1949. 

7. Stansty, P. G. and ANANENKO, N. H. Resistance of 
polymyxin to some proteolytic enzymes. Arch. 
Biochem., 15: 473-474, 1947. 

8. Witz, H. J., Atverson, C. M., Baker, M. J. and 
jackson, E. R. Comparative biological studies of 

ymyxin and “‘aerosporin.”’? Ann. New York Acad. 

Se., 51: 879-890, 1949. 


| 

| 

| 

| 

| 

i 

| 

f 


818 
9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


BROWNLEE, G., BusHBy, S. R. M. and Snort, E. I. 
Comparative biological studies of polymyxin A 
and polymyxin D. Ann. New York Acad. Sc., 51: 
891-896, 1949. 

SCHOENBACH, E. B., Bryer, M. S., Buss, E. A. and 
Lone, P. H. Polymyxin—a note on experimental 
and clinical investigation. 7. A. M. A., 136: 1096— 
1098, 1948. 

Buss, E. A., CHANDLER, C. A. and SCHOENBACH, E. 
B. In vitro studies of polymyxin. Ann. New York 
Acad. Sc., 51: 944-951, 1949. 

AINSwoRTH, G. C., Brown, A. M. and BROWNLEE, 
G. ‘“‘Aerosporin,” an antibiotic produced by 
Bacillus aerosporus Greer. Nature, 160: 263, 1947. 

JAwEtTz, E. and Coteman, A. B. Laboratory and 
clinical observations on aerosporin (polymyxin 
B). 7. Lab. & Clin. Med., 34: 751-760, 1949. 

Bryer, M. S., ScHOENBACH, E. B. and Buss, E. A. 
Pharmacology of polymyxin. Ann. New York Acad. 
Sc., 51: 935-943, 1949. 

BROWNLEE, G. and Bususy, S. R. M. Chemotherapy 
and pharmacology of aerosporin. Lancet, 254: 127, 
1948. 

Ross, S., Burke, F. C., Rice, E. C., BrscHorr, H. 
and WasuincTon, J. A. The use of aerosporin 


(polymyxin B) in _ specific and non-specific 


17. 
18. 


19. 


20. 


21. 


22. 


23. 


24. 


The Polymyxins—Stansly 


enteritis in infants and children. M. Ann. District 
of Columbia, 18: 441-503, 1949. 

Swirt, P. N. Treatment of pertussis with aerosporin. 
Lancet, 254: 133, 1948. 

Kaptan, S., FiscHEer, A. E. and Konn, J. L. Treat- 
ment of pertussis with polymyxin B. 7. Pediat., 35: 
49-58, 1949. 

Puvaski, E. J. and RosEnBERG, M. L. Use of poly- 
myxin in gram-negative urinary tract infections. 
J. Urol., (in press). 

ScHOENBACH, E. B., Brrer, M. S. and Lone, P. H. 
The clinical use of polymyxin. Ann. New York Acad. 
Sc., 51: 987-997, 1949. 

PuvaskI, E. J., CONNELL, J. F., Jk. and SEELEY, S. F. 
Sterilization of the intestinal tract by antibiotics 
and supplemental agents. To be published. 

BROWNLEE, G. Remarks on clinical results with 
polymyxin A and B. Ann. New York Acad. Sc., 51: 
998-1000, 1949. 

KacEn, B. M. Influenzal meningitis, recovery of a 
case of four weeks’ duration with the use of a new 
drug, polymyxin B (aerosporin). Pediatrics. 4: 
319-322, 1949. 

Lone, P. H., ScHoOENBACH, E. B., Buss, E. A., BRYER, 
M.S. and CHANDLER, C. A. The experimental and 
clinical use of polymyxin, chloromycetin and 
aureomycin. California Med., 70: 1-10, 1949. 


AMERICAN JOURNAL OF MEDICINE 


7~ 


Clinic on Psychosomatic Problems 


Anorexia Nervosa 


HESE cases are chosen to illustrate the relation between psychiatric and medical 
factors in the production of symptoms. They are part of the Harvard teaching on the 
Psychiatric and Children’s Medical Serviczs of the Massachusetts General Hospital. 
These psychiatric conferences are edited by Drs. Stanley Cobb and Henry H. W. Miles. 
Publication is made possible by a grant from the Josiah Macy, Jr., Foundation. 


Dr. JoHN C. NemiAu: D. M. (No. 628973), 
a twenty year old single woman, was brought 
to the Massachusetts General Hospital from 
her rooming house in a semi-intoxicated 
state after the ingestion of an overdose of 
phenobarbital. Despite a lifetime of malad- 
justed behavior it was not until nine months 
before admission that she had first come 
under medical surveillance. At that time 
following an argument with her mother, she 
had taken about a dozen aspirin tablets with 
suicidal intent. She had been persuaded to 
consult a psychiatrist but her visits had 
been irregular and four weeks later she 
swallowed twelve ‘“‘empirin” tablets in a 
second attempt at suicide. After that she 
ran away from home. For a week she hid 
in a rooming house, drinking heavily, then 
returned to her family. She then quit col- 
lege, lived by herself and managed to work 
for a few weeks before impulsively leaving 
her job. From then on she led an aimless life 
of job-hunting and drinking (with sporadic 
psychiatric interviews) until she made a 
third unsuccessful suicidal attempt with 
phenobarbital four weeks before admission. 
Another month of similar behavior led to 
the episode that brought her to the hospital. 

There was no family history of psychosis. 
However, the mother was a fat, immature, 
self-pitying woman who flew into rages and 
endlessly scolded and argued with the 
patient. The father was a small man, 
quiet, submissive and a hard worker. The 
patient’s only sibling, an older sister, was 
tense and nervous and was married to an 
alcoholic law student who worked as a jazz 
musician by night. 

Her past medical history was significant 
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only in that at’ the age of five years and 
again at seven the patient had been knocked _ 
unconscious for brief periods, each time 
without known sequellae. The patient had 
not been a welcome addition to the family. 
Her mother had made futile attempts at 
abortion, and the patient’s birth had been 
by cesarean section, allegedly to relieve the 
mother’s anxieties about parturition. The 
mother had been unable to nurse the baby. 

There had been no early childhood habit 
disorders other than rare enuresis. The 
patient’s first memories reached back to the 
age of four years. She recalled at that time 
having tasted her own:feces..She had im- 
mediately become panic-stricken and had 
been nauseated for three days. In the same 
year she had been caught examining a 
little boy’s genitals and had been punished 
for her curiosity. At the age of five she had 
felt rejected by her father who once spanked 


_ her for wetting her pants; and shortly there- 


after when she came into the bathroom and 
voided in his presence, he had become angry 
and chased her from the room, telling her 
that she was now a grown-up girl and must 
not do such things. After that when she wet 
her bed she was conscious of shame lest her 
father discover it. 

From six to nine years of age the patient 
fussed with her food at meals, often throwing 
it out of the window rather than yield to 
parental demands to eat. She ran away 
from home several times, “‘played hookey”’ 
from school, developed a fiery temper and 
tended to withdraw from other children, 
preferring to play alone. At the age of ten 
she remembered believing that impregna- 
tion occurred by oral mixing of male and 
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female saliva and when shortly thereafter 
she learned the true facts about conception 
she was shocked, disgusted and upset at the 
thought of her parents indulging in such 
activities. At thirteen she first went on a 
diet lest she become fat like her mother. 
She was, at this period, a vigorous “tom 
boy” and had a fear of developing large 
breasts or looking pregnant. 

Her menstrual periods which had begun 
when she was twelve continued with no 
disturbance other than mild dysmenorrhea 
until, at the age of fifteen, she became almost 
totally anorexic for several weeks and ceased 
menstruating. (Her periods returned after 
several months but have been irregular 
thereafter.) She lost fifteen pounds but 
noticed no weakness. On the contrary there 
was an increase in her energy and physical 
activity. This constellation of symptoms 
ended abruptly when after being disap- 
pointed by a boy she overate one day and 
promptly vomited. During the next two 
years there were several such episodes of 
anorexia followed by the compulsion to 
overeat followed by vomiting, either spon- 
taneous or induced by tickling her throat. 
This sequence of gorging and vomiting be- 
came so frequent that she referred to it as 
‘‘the habit.’ Although ashamed of, the 
procedure, she found that it relieved feelings 
_ of depression and disappointment. During 
this period she ran away from a girl’s board- 
ing school where she believed herself dis- 
liked by her classmates even though she 
had been elected class president. 

She became aware at this time of a re- 
current pattern which had affected her 
relations with people over many years. 
Shortly after forming friendships she would 
begin to feel that her friends were disgusted 
by her; she would withdraw from them and 
purposely behave in a way to make them 
dislike her. She stated her feelings as: “I 
would rather be hated than be an object of 
disgust.” 

When eighteen years of age the patient 
began college. A long period of anorexia 
resulted in a loss of weight to 87 pounds but 
the patient felt so well that she was able to 
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continue a very active life despite frequent 
parties, little sleep and increasing alcoholic 
intake. During her second year of college 
she found herself less satisfied with her 
friends and began to resort to large doses 
of benzedrine to stimulate the energy which 
late hours, great excess of alcohol and rare 
marijuana smoking tended to dissipate. 
“The habit” became a prominent symp- 
tom, frequently occurring as often as 
several times a day. She began to cut classes 
regularly, worried a good deal whether she 
had had sexual intercourse while drunk 
and became increasingly discouraged with 
her life and her behavior. In this wise she 
continued until the suicidal attempts that 
preceded hospitalization. 

Physical.examination revealed the patient 
to be a small, childish looking gir! who was 
quite thin but not emaciated. No ab- 
normalities were found upon general physi- 
cal and neurologic examinations. 

Laboratory data were as follows: Uri- 
nalysis, complete blood count, chest x-ray 
and skull x-rays were all normal. The blood 
Hinton test was negative. B.M.R. was 
minus 11. The electroencephalogram re- 
vealed a focus of slow waves in the right 
occipital region, and when repeated later 
there were slow waves in the left frontal and 
left occipital areas. The records were con- 
sidered abnormal but contained no specific | 
diagnostic features. 

In the ward she has been at all times 
cooperative with the staff and has complied 
with the hospital rules. There have been 
rapid alternations of mood: within an hour 
or a day she may swing from a state of tear- 
ful depression to alertness and activity, at 
times being overenthusiastic and almost 
abnormally cheerful. Her compulsive stuf- 
fing of food and vomiting (“the habit’’) has 
continued, especially when she has been 
depressed. 

In the seven weeks since admission the 
patient has produced an abundance of 
memories and associations so that the 
material has of necessity been very much 
condensed in the presentation. She has 
reported numerous dreams, one of which 
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will be itmentioned because it so clearly 
reveals an unconscious fantasy. In the 
dream the patient was explaining sex to 
her sister and drew a diagram to illustrate. 
Within the outline of a human body, she 
drew ‘‘an ovary” (in the region occupied 
by the stomach) connected above to the 
esophagus and below to the intestines. A 
long penis was drawn, hanging from the 
part of the “‘ovary’”’ adjacent to the pyloric 
valve. Inside the “‘ovary’”’ she sketched a 
curled-up fetus. In explaining the dream 
she said that the penis discharged urine 
with sperm which then crept through the 
wall of the ‘‘ovary’”’ in its lower portion. 
She corrected herself, saying: ‘‘No, it was 
the upper portion.” She then said she didn’t 
know why it seemed more natural that the 
sperm should enter through the upper part. 
Finally spontaneously she burst out: ‘“‘You 
want me to say that the sperm went down 
through the esophagus.”’ 

At presentation of the patient before the 
group she appeared somewhat tense and 
was less communicative than usual although 
poised. When asked how she felt she replied: 
bit cautious.” 


DISCUSSION 


Dr. STANLEY Coss: This is a rather 
abnormal looking electroencephalogram. 
If she had had numerous fainting attacks 
or anything related to seizures, we would 
say the electroencephalogram was signifi- 
cant. It is just as abnormal as those of a lot 
of epileptics between attacks. 

A Rorschach test would be of interest. | 
was interested in this case because it is said 
that patients with anorexia nervosa have 
fantasies of oral impregnation. ‘This she has 
had, but I wanted to learn if suggestions of 
this idea by a psychiatrist could be com- 
pletely ruled out. Dr. Nemiah has been 
careful about that and is sure that the 
material showed up spontaneously. So here 
we have evidence that seems authentic. She 
has said it in her own words. 

For this patient a weight of 83 pounds is 
not very low. She is very small. She has not 
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reached the extremes of emaciation that 
some of these patients do. She has had 
amenorrhea in the past but recently has 
menstruated. The amenorrhea is usually 
secondary to the starvation but not always. 
There are some cases in which it begins 
before marked weight loss. 

Dr. Jacos E. FINEsINceR: Should one 
be concerned with the differential diagnosis 
between Simmonds’ disease and anorexia 
nervosa? 3 

Dr. Coss: At present this patient shows 
no endocrine disturbance. There is a history 
of amenorrhea. One can almost rule out 
pituitary disease by the history. Simmond’s 
disease is more progressive, not so much up 
and down. The history is remarkably in- | 
teresting, not entirely typical of anorexia 
nervosa; there are sO many extraneous 
things such as several suicidal attempts, 
short periods of depression, alcohol which 
she has used rather excessively and benze- 


drine. I do not remember another such 


patient who has used alcohol and benze- 
drine; they often have a great drive on their 
starvation sprees and need no stimulant. 

Dr. FINESINGER: Do you remember 
another patient with anorexia nervosa who 
attempted suicide? 

Dr. Coss: I do not remember one who 
used drugs to do so. You can look on the 
whole episode as a suicidal attempt. I do not 
remember a history that showed such 
manic-depressive trends. 

Dr. Henry H. W. Muiuzzs: Is it usual for 
these patients to show alternating periods 
of overeating and fasting? 

Dr. Coss: About 30 per cent of those we 
have observed have had starvation periods 
alternating with overeating periods, usually 
longer than those of this girl. With her, 
everything is short and episodic. In ordinary 
cases of anorexia nervosa they starve for 
months or years and then in the next year 
will overeat and go up in weight. 

Dr. VERNON WILLIAMs: Did she tell you 
why she wanted to do away with herself? 

Dr. NemMIAH: Her main reason is that she 
considers herself a ‘‘fake,’’ she is:no good, 
there is no point in going on with living. 
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She is disgusted after an episode of over- 
eating. She had not recognized the starva- 
tion as abnormal. 

Dr. Coss: It is of interest that she uses the 
word disgust which means “‘bad taste.” At 
the age of ten she had the fantasy about 
oral impregnation. She wondered abaut 
saliva and semen. This is not rare in 
adolescent girls. Then in the first episode 
when she stopped eating, it was evidently 
with the idea that she did not want to be fat 
and sexy and would rather be like a boy. 

Dr. NEMIAH: She wanted to avoid second- 
ary sex characteristics and reduce her ab- 
domen which looked pregnant. She did not 
want to become fat. Her bust and hips were 
too big. She emphasized that she always 
used the word ‘“‘bust”’ instead of “breast.” 
The latter word she hated. 

Dr. Lucite JessNer: This is a most inter- 
esting history and I am surprised how 
quickly this deep material came out. I 
believe that the oral material is the main 
thing. The motto of her life, perhaps the 
motivation of suicide is: “I would rather 
be hated than disgusting.”” She becomes 
disgusted with herself, hates herself, then 
wishes to kill herself. It is interesting that 
both parents have some oral problems, 
too. The mother eats so much candy and 
gets so fat. The patient never wanted to 
identify with her mother who had rejected 
her. Her father drinks alcohol and is the 
one person to whom she turned, by whom 
she felt accepted. Rejection by him in the 
bathroom scene broke the one good relation- 
ship and the motif of disgust entered. She 
had to do a disgusting thing—had to wet 
the bed—after being spanked for wetting 
her pants. She was trying to test her parents 
to discover if she could be loved even though 
disgusting. She attempted to deny disgust 
by eating snow with dog feces to prove to 
herself that one should not be disgusted. 

It seems that she gave up hope of being 
loved by mother or father. She tried to 
identify with father, tried to be a boy. Later 
she took to alcohol as he had done. When 
her feminine development became manifest 
it was disgusting to her. She attempted to 
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deny the female role. The whole eating 
problem is associated with denial of femi- 
ninity. It seems as if, to her, eating means 
becoming a pregnant woman. The stomach 
takes the place of the ovary. Food should 
not get in. While she craves it, she wants to 
vomit it. With her, eating seems to be con- 
fused with impregnation. ef 

I would not dare say too much about the 
treatment. Relationship to Dr. Nemiah, 
being accepted by a male person, must 
mean a great deal to her. She really gives 
him a great deal of fantasy material. That 
will be the mainstay of therapy;—work 
through with her the fantasies, how eating 
means impregnation. Help her realize that 
fantasy is not reality. One might be able to 
convince her of her feminine role in life 
which she fears. 

Dr. LEMoyne Waite: I think that this 
patient, in common with patients who are 
infantile, tends to act out her feelings and 
be unconscious of them. She has had more 
difficulty in handling her hostile feelings 
toward Dr. Nemiah than has been apparent 
today in the presentation. She is having a 
difficult time making a relationship, and he 
will have to go through a lot of discouraging 
behavior on her part. 

Dr. FINESINGER: I think she differs from 
typical anorexia nervosa. Her episodes of 
starving fluctuate more rapidly. She reacts 
more rapidly to symbols than does a typical 
anorexia nervosa. Pills have some signifi- 
cance. She tries to handle the problem of 
rejection in ways that do not succeed. She 
is very ambivalent and that makes it diffi- 
cult for her. I have the impression that Dr. 
Nemiah is doing well with her. She would 
not have told him all this unless he had a | 
good start with her. 

What are the best areas to approach? 
Would it be wise to go for suicidal situa- 
tions? When she tries to kill herself, it seems 
that she is saying symbolically: “‘I have 
tried to identify with you, but you have 
rejected me. You'll be sorry when [’m 
dead.” The function of the suicidal attempt 
is to stir up guilt in the other person, with 
the idea: ““You’ll be sorry when I’ve killed 
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myself.”” That is not unusual in children 
and immature people. 

I believe that it would be profitable to 
focus the interviews back to her suicidal 
attempts. Ventilation of these experiences 
might lead into the problem of rejection. 
This case is more like hysteria than anorexia 
nervosa; her prognosis is better than that 
of a patient with typical anorexia. It would 
be worth while continuing psychotherapy 
with her. 

Dr. Coss: Have you seen her mother? 

Dr. NeEmIAH: She 1s a short, fat, dumpy 
woman. She was very excitable after the 
patient had taken pills. She gets into temper 
tantrums, yells and screams. She has taken 
a horsewhip to the patient several times. 

Dr. Coss: That fits in with other histories 
in anorexia nervosa. The mother drives 
them one way or another. Some have had 
their first serious attack at eighteen or nine- 
teen when the mother began to urge’ them 
to marry and had picked out a man. 

This patient is not satisfied with the 
starvation; she has to try suicide but the 
suicidal attempts are not very realistic. 

Dr. FINESINGER: The patient probably 
knows that aspirin is not going to kill her. 
If this is so, the pills or the act of ingestion 
must have some symbolic meaning. The 


emphasis on symbolism and the “suicidal” | 


attempts suggest hysteria as the most 
probable diagnosis. 

Dr. Coss: Many of these patients have 
been handed from hospital to hospital. They 
are labelled schizophrenia in one clinic and 
hysteria in the next. They go around the 
circle again. I have no doubt but they look 
like hysteria and schizophrenia. In the last 
seventeen cases we have had of undoubted 
anorexia nervosa there were four who suc- 
ceeded in killing themselves. That is a 
fairly high rate of mortality. Six are married 
and over the anorexia nervosa and have 
families. The other seven make their 

hospital rounds still. 
all have remissions. A number 
have them over a year or two or three. 
Usually the sequence is a starvation episode 
then a remission of a few months or a year. 
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They have four or five episodes and then 
either get over it or die. In this case the 
interesting aspect is that anorexia was not 
the main feature when she arrived, but the 
essence of the syndrome was learned through 
the interviews. 

Dr. FRANCES J. BONNER: I was impressed 
by the number of features of this case which 
are similar to those we have seen in many 
hysterias, particularly those which we have 
described as being very severe or very 
infantile. In that group one can find most 
of the features of this case, including oral 
pregnancy fantasies, ovaries in the stomach, 
etc. 

Dr. Coss: I may have exaggerated the 
specificity of this syndrome. Perhaps I ought 
to admit more of an intergradation with 
schizophrenia and hysteria. Anorexia ner- 
vosa was described as a syndrome by Gull in 
1874 who wrote it up very well. As much as 
any syndrome in psychiatry I think it 
deserves a name. 

Dr. Pau, D. MacLean: How much sig- 
nificance do you give the depression? 

Dr. Coss: It is unusual. When these 
patients are starving and at their lowest 
some of them show a drive of energy. They 
are not manic in their stream of talk but 
show great motor activity. Others are 
depressed. This girl is the first one in 
whom I really considered manic-depressive 
psychosis. 

Let us go ahead with her another month 
in the way we have. If we do not make head- 
way, we will have to think of what next. 
How much psychoanalysis would help I 
do not know. She would be an interesting 
case for a control analysis. 


FURTHER TREATMENT 


Interviews were continued in the same 
manner. The patient was allowed to talk 
freely and spontaneously with a certain 
amount of ‘“‘focussing’’ of the discussions 
around the suicidal attempts. ‘These seemed 
to relate to a life-long pattern of behavior, 
i.e. when the patient developed strong 
positive feelings toward people (in her 
words, when she “got too close to people’’) 
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she would be impelled to break away. There 
would then be depression and the wish to 
die. No disturbing interpretations were 
made to her and the unconscious symbolism 
of the oral fantasies was not explained. 

In the nine months since discharge the 
patient has not done well. Most of her 
symptoms have continued and she has made 
two more ‘suicidal’? attempts. She has 
obtained and quit several jobs and joined 
Alcoholics Anonymous in an attempt to 
control her drinking. After a period of 
initial enthusiasm in which she immersed 
herself zealously in their activities, her 
interest waned. She quit A. A., discontinued 
psychotherapy and returned to live with 
her family. An indirect report from a mem- 
ber of her family indicates that her im- 
pulsiveness, mood swings and drinking are 
essentially as they were prior to treatment. 


SUMMARY 


This case of anorexia nervosa illustrates 
interesting psychodynamic mechanisms oc- 
curring in a girl whose symptoms also in- 
cluded alcoholism, tendencies toward drug 
addiction and rapid mood swings. 

Typically, anorexia nervosa is charac- 
terized by periods of starvation, emaciation, 
amenorrhea and gastrointestinal discom- 
fort. No primary metabolic or endocrine 
dysfunction has been established and in 
recent years there has been an increasing 
recognition of the importance of psycho- 
genic factors. Some patients have disgust 
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for food although literally starving. ‘This 
has been found in some cases to be associ- 
ated with fantasies of oral impregnation. 
The act of eating or the state of being fat 
therefore take on a profoundly disturbing 
symbolic significance.! 

In many other cases no such fantasies are 
discovered. The patients may have no loss 
of appetite. They may stop eating in spite 
of great hunger, or they may eat and then 
vomit. The psychologic background may 
be expressed as merely a desire to remain 
slim and boyish. Sex may consciously enter 
the psychologic picture merely as an ex- 
pression of the feeling that to be fat is to be 
voluptuous.” 

In the staff discussion of this case the 
general characteristics of the syndrome were 
reviewed as well as interpretations of the 
patient’s specific symptoms and life prob- 
lems. In the treatment of such a patient 
hospitalization and persuasion to eat an 
adequate diet will often result in a remis- 
sion, but this is not a cure. The illness is a 
serious one with a relatively high mortality 
rate; and unless the patient can be helped 
by means of psychotherapy to achieve a 
more adequate solution of her conflicts, the 
periods of starvation will probably continue, 
not infrequently accompanied by such 
serious neurotic symptoms as to necessitate 
committment to a mental hospital. 

1 WALLER, J. V., KAurMAN, M. R. and Deutscn, F. 
Anorexia nervosa: a psychosomatic entity. Psychosom. 
Med., 2: 3, 1940. 


2 DuBois, F. S. Compulsion neurosis with cachexia 
(anorexia nervosa). Am. 7. Psychiat., 106: 107, 1949. 
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Weakness, Weight Loss and Prostration’ 


reports, edited by Robert J. Glaser, M.p. and David E. Smith, m.v., 

of weekly clinico pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School of 
Medicine and by Junior and Senior medical students. 


HE patient, M.S., (B.H. No. 31793), 

was a white, married woman, forty- 

three years of age, who entered the 
Barnes Hospital for the first time on October 
17, 1931, complaining of swelling of the 
neck, nervousness, shortness of breath and 
loss of weight. The family and past histories 
were non-contributory. Twenty years before 
entry during her first pregnancy the patient 
noted enlargement of the right side of the 
neck which apparently did not increase in 
size. Fifteen years later during her second 
pregnancy she became nervous, irritable 
and emotionally unstable and continued to 
be so to a varying degree during the years 
which preceded her first admission. Six 
months prior to coming to the hospital she 
developed shortness of breath and palpita- 
tion on exertion, and at the same time noted 
that she felt warm and perspired easily. 
Although her appetite was excellent, she 


had lost 30 pounds in weight. When she 


consulted her physician fifteen days before 
entry, he noted a tremor, enlargement of 
the thyroid gland with a bruit and thrill 
but no lid lag. Her blood pressure was 
elevated. She was given Lugol’s solution by 
mouth and was referred to the hospital for 
thyroidectomy. 
_ Physical examination at the time of entry 
revealed a temperature of 37°c., pulse 100, 
respirations 20 and blood pressure 170/65. 
The patient appeared restless. Her hands 
were moist, the skin warm and her face 
flushed. There was evidence of weight loss. 
Neither exophthalmos nor lid lag was 
described but there was a tremor of the 


tongue, lips and fingers. Examination of 
the upper respiratory tract was negative. 
The thyroid gland was moderately enlarged, 
particularly on the right, but no thrill or 
bruit could be detected. The lungs were 
clear to percussion and auscultation. The 
heart was hyperactive. The maximal apical 
impulse was in the fifth interspace 1014 cm. 
from the midline. ‘The rhythm was regular. 
A systolic murmur could be heard along 
the left sternal border. The peripheral 
pulses were bounding. The remainder of the 
physical examination was not remarkable. 

The laboratory findings were as follows: 
Blood count: red cells, 4,260,000; white 
cells, 6,500; hemoglobin, 14.5 Gm..;. dif- 
ferential count: within normal limits. Uri- 
nalysis: negative. Blood Kahn test: negative. 
Non-protein nitrogen: 27 mg. per cent; 
blood sugar, 117 mg. per cent; basal 
metabolic rate, +42. Electrocardiogram: 
low Q waves in Lead m1. 

Since the patient’s condition had im- 
proved quite markedly during the fifteen 
days she took Lugol’s solution before com- 
ing to the hospital, a subtotal thyroidectomy 
was performed shortly after hospital entry. 
The thyroid was twice normal size and both 
lobes were diffusely enlarged. No adenomas 
were present. Microscopic sections revealed 
changes characteristic of a diffuse toxic 
goiter. The patient’s postoperative course 
was uneventful. She was discharged on 
November 7, 1931, and advised to continue 
iodine therapy. 

For most of the sixteen years between 
her first and second admissions, the patient 


* From the Departments of Internal Medicine and Pathology, Washington University School of Medicine and the 
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remained essentially well; ten months before 
her second entry she began to lose weight 
and at the end of six months had lost about 
30 pounds. She was seen by her physician 
who told her that she had “mild hyper- 
tension,”’ but the rest of the physical findings 
apparently were normal. A gastrointestinal 
series was said to have been negative; blood 
counts, an electrocardiogram, and the 
basal metabolic rate were also within 
normal limits. The patient, however, con- 
tinued to lose weight; her appetite failed 
and she vomited occasionally. One week 
before admission weakness became so pro- 
nounced that she had to remain in bed 
most of the time. Her appetite then com- 
pletely disappeared and she was able to 
take only small amounts of liquid. She slept 
most of the time and on the day prior to 
entry was almost totally unresponsive and 
incoherent, being unable to recognize her 
surroundings or acquaintances. During the 
week before entry she vomited three or 
four times. She was admitted to the hospital 
on May 10, 1947. 

Physical examination at that time re- 
vealed a temperature of 36°c., pulse 94, 
respirations 14 and blood pressure 100/70. 
The patient was lethargic, incoherent and 
prostrated. When spoken to, she slowly 
turned her eyes in the direction of her 
questioner. The skin was inelastic and dry. 
There was marked evidence of weight loss. 
No abnormal pigmentation was seen. The 
pupils were equal and reacted to light and 
accommodation; the left pupil, however, 
was somewhat irregular. ‘There was moder- 
ate nicking of the retinal vessels at the 
arteriovenous crossings and the left disc was 
not quite as well outlined as the right. No 
hemorrhages or exudates were seen. Ex- 


amination of the upper respiratory tract 


was not remarkable. ‘The tongue was dry 
and the mouth was edentulous. Examina- 
tion of the neck was negative. The lungs 
were clear. The heart was not enlarged; 
the rhythm was regular and there were no 
murmurs but the sounds were rather 
muffled. ‘The abdomen was soft but no 
organs or masses were felt. The legs were 
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held rather rigidly and the fingers were 
flexed in a position which suggested mild 
carpospasm. The knee jerks, ankle jerks 
and abdominal reflexes could not be 
elicited. A suggestive Babinski sign was 
present on the right and a more definite 
one on the left. 

The laboratory findings were as follows: 
Blood count: red cells, 4,500,000; hemo- | 
globin, 12.8 Gm.; white cells, 3,000; dif- 
ferential count: eosinophiles, 2 per cent; 
stab forms, 5 per cent; segmented forms, 
54 per cent; lymphocytes, 36 per cent; 
monocytes, 3 per cent. Urinalysis: albumin, 
1+; sugar, negative; acetone, trace; sedi- 
ment, negative. Blood Kahn test: negative. 
Biood chemistry: non-protein nitrogen, 
21 mg. per cent; blood sugar, 87 mg. per 
cent; CO, combining power, 15.3 mEq./L; 
chlorides, 73 mEq./L; total protein, 4.4Gm. 
per cent; albumin, 2.9 Gm. per cent; 
globulin, 1.5 Gm. per cent. X-ray films of 
the skull were indeterminate. An electro- 
cardiogram showed a P-R interval of .24 
seconds. 

The patient was given fluids parenterally 
and took some water by mouth. Early in 
the morning of the second day she com- 
plained of discomfort in the suprapubic 
region and on catheterization, 1,200 cc. of 
urine were withdrawn. At that time her 
blood pressure had fallen to 60/45. The 
patient was given an infusion of plasma to 
which adrenocortical extract was. added. 
She also received 2,000 cc. of 5 per cent 


_ glucose in saline parenterally and 20 mg. 


of desoxycorticosterone acetate intramuscu- 
larly. ‘Two-tenths of 1 cc. of epinephrine 
were given subcutaneously and following 
the plasma and fluids she received 25 cc. 
of adrenocortical extract intraveously. Oxy- 
gen therapy by nasal catheter was begun. 
The patient’s blood pressure rose to 100/60 
and her lungs remained clear. She became 
incontinent of urine and stools and her tem- 
perature rose to 38°c. Several hours later 
she vomited dark material; she continued 
to be extremely listless. Following additional 
amounts of adrenocortical extract intra- 
venously, the patient’s blood pressure rose 
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to 110/65. On the afternoon of the second 
day, however, it fell to 58/45 and the radial 
pulses became barely palpable. The patient 
was stuporous and her respirations were 
deep and stertorous. A lumbar puncture 
was performed and the spinal fluid was 
found to be entirely normal. A repeat white 
blood count showed 12,800 cells with 22 stab 
forms and 42 segmented forms. By 5 p.m. of 
the second day she was comatose. No 
clinical evidence of dehydration was present 
and re-examination revealed no pigmen- 
tation of the mucous membranes. She 
continued to receive intensive supportive 
therapy including plasma infusions, glucose, 
saline and adrenocortical extract. Despite 
these measures, however, early in the morn- 
ing of May 12, 1947, she expired. Just 
before death her temperature was noted 
to be 38.8°c. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: In this very | 


interesting case the history is rather straight- 
forward. The patient, who had apparently 
been well most of her life, at the age of 43 
developed rather classical thyrotoxicosis and 
following thyroidectomy was well for the 
ensuing 15 years. The illness which led to 
her death was of approximately ten months’ 
duration, the patient’s final episode being 
characterized by prostration. Dr. Wade, 
would you care to open the discussion? 

Dr. Leo J. WADE: I should like to ask 
several questions which were not answered 
in the protocol. First of all, was this pa- 
tient’s menstrual history normal? Second, 
what do we know of her emotional stability? 
And third, were there any changes in hair 
distribution? 

Dr. ALEXANDER: As far as is known, the 
patient’s menstrual history was not remark- 
able. She was, however, known to be a very 
emotional individual. Her hair distribution 
was apparently normal. Why do you ask 
these questions, Dr. Wade? 

Dr. Wane: This patient apparently had 
multiple endocrine abnormalities and my 
questions were directed toward determining 
whether additional evidence of endocrine 
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inbalance was present. For example, it 
occurred to me that this patient may have 
had anorexia nervosa. In some respects the 
history suggests panhypopituitarism but the 
absence of menstrual difficulties and ab- 
normalities of hair distribution are against 
that diagnosis. One must certainly consider 
Addison’s disease which may give rise to a 
clinical picture such as was seen here. ‘The 
relationship between the thyroid and the 
adrenal gland is indeed a complex one, 
and the effect of dysfunction in one may be 
reflected by changes in the other. I believe 
that this patient did not have Addison’s 
disease; I would favor anorexia nervosa. 
Dr. H. There are a 
number of factors in the history which are 
strongly against the diagnosis of Addison’s 
disease. I do not remember a case of 
terminal adrenal insufficiency in which 
both the non-protein nitrogen and the © 
blood sugar were normal. Further it is said 
that during the course of her last illness she 
was found to have hypertension and a nor- 
mal basal metabolic rate. Both of these 


_ findings are uncommon in Addison’s disease. 


Dr. ALEXANDER: I was informed that 
when this patient was seen about six months 
before entry, her systolic blood pressure was 
180, and one month before entry and thus 
approximately one month before death it 
was said to be 130. 

Dr. O.msTED: If the patient indeed had a 
blood pressure of 180 and, as was described 
in the protocol, she had evidence of retinal 


_ sclerosis, I would bring up the possibility 


of a cerebral vascular accident having been 
responsible for her terminal picture. 

Dr. ALEXANDER: Dr. Olmsted, would you 
tell us what signs and symptoms you think 
are essential to the diagnosis of Addison’s 
disease? Are there any which you consider 
sine qua non for that diagnosis? Does the 
presence of hypertension enable one com- 
pletely to exclude adrenal insufficiency? 

Dr.°*O.msTED: It should be pointed out 
that when this patient entered the hospital 
she was semistuporous, and it is very difh- 
cult often in that situation to obtain certain 
relevant information. Low serum chlorides, 
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of course, suggest adrenal insufficiency and 
in this patient that finding was present. 
Excessive amounts of chloride in the urine 
substantiate the possibility. In a patient 
whose condition is not terminal I expect the 
systolic blood pressure usually to be below 
110 mm. of mercury. A history of fatigue is 
helpful. The presence of increased pig- 
mentation is important although Addison’s 
disease may not always be accompanied by 
hyperpigmentation. Like so many other 
syndromes adrenal insufficiency may be ex- 
tremely variable in its signs and symptoms 
although those I have mentioned are most 
commonly seen. 


Dr. ALEXANDER: Do you believe that 


weight loss is important to the diagnosis? 

Dr. OxmstTeD: Yes. In the absence of 
weight loss I would doubt seriously the 
diagnosis of Addison’s disease. 

Dr. ALEXANDER: Dr. MacBryde, what 
criteria do you consider necessary for the 
diagnosis of adrenal insufficiency? 

Dr. Cyrit M. MacBrype: Increasing 
fatigue and asthenia are the symptoms 
which are most suggestive of Addison’s 
disease. In some few patients all the other 
symptoms and signs may be absent. The 
blood pressure may be within so-called 
normal limits and there may be no pig- 
mentation or weight loss. Indeed, the pa- 
tient may be overweight. Of course, most 
patients do exhibit the features which Dr. 
Olmsted has outlined, but I think it is 
important to point out that Addison’s 
disease may occur without hypotension, 
without weight loss, without gastrointestinal 
disturbances and without pigmentation. By 
the time adrenocortical insufficiency has 
progressed to the crisis, however, one ex- 
pects at least hypotension and weight loss. 

Dr. ALEXANDER: Then in view of the fact 
that one of the features of this patient’s final 
illness was progressive asthenia, you would 
certainly entertain the diagnosis of adrenal 
insufficiency? 

Dr. MacBrype: Yes. I think it ii to be 
given serious consideration in view of the 
history. I do not think that we have suffi- 
cient data to be sure since many other dis- 
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eases may be accompanied by weakness and 
weight loss. For example, extensive carci- 
noma may give rise to a clinical picture yery 
similar to the one that is seen here. A 
cerebrovascular accident, as suggested by 
Dr. Olmsted, might likewise be responsible. 
A diffuse panendocrine disorder such as 
Simmonds’ disease must be considered, and 
as Dr. Wade pointed out anorexia nervosa 
cannot be ruled out. 

Dr. ALEXANDER: I believe it is of impor- 
tance to remember that this patient was ill 
over a period of ten months with progressive 
weight loss, progressive asthenia and eventu- 
ally prostration. When she came in, her 
serum chlorides were certainly very low. 

Dr. MacBrype: Although hypochlo- 
remia is characteristic of Addison’s disease 
in crisis, this patient had vomited a good 
deal and prolonged vomiting may also 
cause reduction in the serum chloride. | 

Dr. Haro_p BuLcER: This patient was 
presumably dehydrated on entry. In view 
of that fact, the low carbon dioxide eom- 
bining power and chlorides are suggestive 
of decreased serum sodium, a finding which 
would be in keeping with adrenocortical 
insufficiency. 

Dr. MacBrypbe: It would have been of 
great help to have determined the blood 
sodium and potassium. The patient was in 
the hospital only a short time however, and 
these determinations were not made. In 
regard to the question of pigmentation in 
Addison’s disease, Soffer in his book states 
that of his forty-six patients with the disease 
only one was free of abnormal pigmenta- 
tion;' Thorn noted a characteristic pig- 
mentation in 94 per cent of the 158 patients 
he followed.? On the basis of such figures 
the diagnosis of Addison’s disease in a 
patient who exhibits no abnormal pig-— 
mentation can be questioned. 

Dr. ALEXANDER: It should be pointed out 
that all the patients who are classified as 
having increased pigmentation may not 


'Sorrer, L. J. Diseases of the Adrenals. 2nd ed. 
Philadelphia, 1948. Lea and Febiger. 

?THorn, G. W., Dorrance, S. S. and Day, E. 
Addison’s disease; evaluation of synthetic DOCA 


therapy in 158 patients. Ann. Int. Med., 16: 1,053, 1942. 
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exhibit diffuse pigmentation or increased - 


amounts in the body creases or the mucous 
membranes. Some of them exhibit black 
freckles or moles only. 

Dr. MAcBrypeE: I agree with you. Some 
patients with proved Addison’s disease have 
only slight increase in pigmentation which 
may, as you point out, take the form of the 
occasional black freckles. If such patients 
are followed, as their disease progresses 
pigmentation may increase markedly. We 
have had one case of proven Addison’s 
disease in a redheaded man who had no 
abnormal pigmentation whatsoever. 

Dr. ALEXANDER: If we assume that this 
patient did have Addison’s disease, I should 
like to ask Dr. Wade if he would tell us the 
current thought in regard to the etiology of 
this syndrome. How often is tuberculosis the 
cause of Addison’s disease? 

Dr. WapeE: Opinion on that question 
varies from one series of patients to another. 
In general it is thought to be responsible for 
a large number of cases; in some series 
figures up to 90 per cent are given. Perhaps 
Dr. Robert Moore could tell us what the 
pathologists’ current view on this point is. 

Dr. RosBert A. Moore: In one series of 
566 cases collected from the literature the 
incidence of tuberculosis of the adrenals 
was about 70 per cent.* 

Dr. ALEXANDER: In Dr. Thorn’s large 
series the majority were non-tuberculous. 
On the other hand if one considers the 
collective series which Dr. Moore has just 
reported, one might raise the question as to 
whether patients with Addison’s disease 
should be given streptomycin empirically. 
We are vefy fortunate in having Dr. Walsh 
McDermott of the Department of Medicine 
of the Cornell Medical School here today. 
He has had a substantial experience in the 
treatment of tuberculosis with streptomycin 
‘and I would like to ask him to comment on 

this point. 
WatsH McDermott: We have 
recently seen one patient with Addison’s 


3 GutTMaN, P. H. Addison’s disease. A statistical 
analysis of 566 cases and a study of the pathology. Arch. 
Path., 10: 742, 895, 1930. 
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disease who developed a cold abscess of the 
psoas muscle without apparent involvement 
of bone. The adrenal insufficiency was con- 
trolled by the usual measures; although we 
did not think that we would either influence 
its course or that of the psoas abscess, we 
treated the patient with streptomycin. We 
employed the same regimen which we 
would use in the treatment of tuberculous 
empyema, that is, both systemic and local 
streptomycin. For several months the anti- 
biotic exhibited a favorable effect on the 
abscess but subsequently the lesion flared 
up and showed no response to further 
streptomycin therapy. No change in the 
course of the Addison’s disease was seen. 
One could have predicted that no change 
would be noted; since by the time the 
clinical syndrome of adrenal insufficiency 
had appeared, it is quite likely that so much 
adrenocortical tissue has been destroyed 
that even if the tuberculous lesions would 
respond completely little clinical improve- 
ment in the adrenal insufficiency would be 
obtained. It is conceivable that the course 
of very early Addison’s disease due to 
tuberculosis might be favorably influenced 
if an agent is developed which is as effective 
against the tubercle bacillus as penicillin © 
is, for example, against the hemolytic 
streptococcus. 

Dr. ALEXANDER: Dr. Futcher, adreno- 
cortical insufficiency may appear in endo- 
crine disorders other than Addison’s disease. 
Are there any differences in the chemical] 
findings in adrenocortical insufficiency per se 
or in that seen in Simmonds’ disease? 

Dr. PALMER H. Futcuer: I Think that 


crisis is much more common in Addison’s 


disease than it would be in Simmonds’ 
disease with mild adrenal insufficiency. I 
believe that this patient’s course was typical 
of classical Addison’s disease. : 

Dr. ALEXANDER: Isn’t the finding of a 
normal N.P.N. unusual in a patient only 
two days from death due to adrenal 
insufficiency? | 
Dr. Futcuer: I agree that it is most 
unusual; commonly it is elevated, reflecting 
changes in the kidneys secondary to de- 


830 


creased plasma volume and possibly changes 
in the arteriolar vessels themselves. 

Dr. ALEXANDER: Is a normal blood sugar 
atypical? 

Dr. FuTcHEerR: That finding does not 
surprise me nearly as much as a normal non- 
protein nitrogen. Adrenal crisis may be 
characterized chiefly by deficiency of corti- 
cal hormones other than those which govern 
carbohydrate metabolism. 

Dr. ALEXANDER: Don’t you think that 
in a fatal Addisonian crisis the blood sugar 
is likely to be low? 

Dr. Futcuer: I have no definite informa- 
tion on that point but perhaps Dr. Mac- 
Bryde has. 

Dr. MacBrype: The blood sugar during 
the crisis of adrenocortical insufficiency may 
be within normal limits not infrequently. 
In my experience more patients in crisis 
have normal blood sugars than low blood 
sugars although, of course, hypoglycemia 
is not uncommon. 

Dr. ALEXANDER: Is that your experience, 
Dr. Olmsted? 

Dr. O_msTED: Offhand, I cannot recall a 
sufficient number of cases to be sure. 

Dr. ALEXANDER: What about the low 
CO,., Dr. Futcher? 

Dr. FuTcHEeR: A low CO, is rather un- 
common in Addisonian crisis and the exact 
reason for its occurrence is not known. It is 
possible that the kidney loses more sodium 
than chloride in some instances; if such were 
the case, the CO, might be reduced. 

Dr. ALEXANDER: I am sure that if the 
patient had been in the hospital longer, 
the blood sodium would have been 
determined. 

Dr. FuTCHER: We could have determined 
the serum sodium during the crisis, but it 
would almost certainly have been depressed 
since both the chloride and carbon dioxide 
were very low. The potassium probably 
would have been elevated. Other than those 
two determinations, which probably would 
not have been of particular aid in her treat- 
ment, no other studies were indicated during 
the crisis. 

Dr. ALEXANDER: Could you comment on 
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the procedures which are used in confirming 


a tentative diagnosis of Addison’s disease? 

Dr. FUTCHER: Probably the most valid 
test is the Cutler-Wilder salt restriction test 
which involves the withdrawal of salt from 
the diet for several days and the observa- 
tion of urine chloride excretion which in 
the Addisonian is above normal. An alter- 
nate procedure which is less dangerous is 
the Kepler-Power water test. Here the 
patient is observed to see if a rapid diuresis 
occurs after the ingestion of a large amount 
of water. In a patient with adrenal insufh- 
ciency such a rapid diuresis is not possible. 
The Kepler-Power water test is not as 
specific in confirming the diagnosis of 
Addison’s disease as is the Cutler-Wilder 
test. On the other hand, it is much safer. * 

Dr. ALEXANDER: Is the glucose tolerance 
curve of any value? 

Dr. FuTCHER: In patients with Addison’s 
disease the glucose tolerance curve is flat, 


presumably due to difficulty in the absorp- 


tion of glucose. Intravenous glucose toler- 
ance tests show an essentially normal peak 
and a tendency to relatively marked hypo- 
glycemia several hours later. | 

Dr. ALEXANDER: Dr. Schroeder, would 
you comment on the changes in the blood 
pressure and their cause? 

Dr. Henry A. SCHROEDER: At least four 
factors are operable, namely, the blood 
volume, blood viscosity, cardiac output and 
the state of the arterioles. Disturbance in 
any one of these may lead to hypotension. 
This patient probably had a considerably 
reduced blood volume. Occasionally, pa- 
tients with hypertension exhibit lower blood 
pressures when their blood volume is low. 
This patient’s cardiac output was probably 
reduced, perhaps partly due to low blood 
volume and partly due to an endocrine 
induced electrolyte disturbance. She may 


* This case was discussed in October, 1947, prior to 
the publication of the studies of Thorn and his associ- 
ates‘ recording another approach to this problem 
(footnote). | 

4Tuorn, G. W., ForsHam, P. H., Prunty, T. G. and 
Hits, A. G. The response to pituitary adrenocortico- 
trophic hormone as a test for adrenal cortical insuffi- 
ciency. 7. A. M. A., 137: 1,005, 1948. 


AMERICAN JOURNAL OF MEDICINE 


Clinico-pathologic Conference 831 


_ have had some nephrosclerosis because there 
is a history of hypertension and slight eye- 
ground changes. Experimentally, the ad- 
renals and many other organs as well are 
necessary for the maintenance of hyper- 
tension; clinically they must likewise exhibit 
normal function for maintenance of high or 
normal blood pressures. 

Dr. ALEXANDER: Do I infer from your 
last remark that you think that the adrenal 
medulla may be of importance in this aspect 
of the disease? 

Dr. SCHROEDER: No, I believe that the 
hypotension of Addison’s disease reflects 
cortical destruction although even hyper- 
tensives, who become extremely ill and 
debilitated, may have normal or even low 
pressure without adrenal cortical atrophy. 

_ Dr. ALEXANDER: What is the explanation 
for the postural hypotension often seen in 
Addison’s disease? | 

Dr. SCHROEDER: It may be due either to 
reduced blood volume or to the relaxed 
state of the arterioles. When these patient’s 
are treated with DCA, the blood pressure 
rises and may reach true hypertensive levels. 
Dr. Perera in New York studied a number 
of patients with Addison’s disease and found 
that with DCA and salt the blood pressure 


could be raised to rather high levels in about — 


half of them. We have had a similar 
experience here. 

Dr. ALEXANDER: Dr. Massie, what do 
you think the heart will show in this case? 

Dr. Epwarp Massie: In patients with 
Addison’s disease the heart is characteris- 
tically small; but if this patient really had 
had hypertension previously and some 
vascular disease, her heart may be normal 
in size or even slightly enlarged. 

Dr. ALEXANDER: Dr. Wood, do you have 
any comments to make? 

Dr. W. Barry Woop, Jr.: Dr. MacBryde 
showed several years ago that there is 
danger attached to giving patients with 
Addison’s disease largea mounts of DCA 
without potassium, for under such circum- 


Perera, G. H., KNow.rTon, A. I., LOWELL, A. and 


Logs, R. F. Effect of DOCA on the blood pressure of 
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stances the blood potassium may be lowered 
to a point where definite cardiac damage 
occurs. It has been shown experimentally 
that animals given potassium-deficient diets 
develop cardiac lesions. In this particular 
case the fact that the patient failed to re- 
spond to rather adequate treatment makes 
me wonder whether she did not have a very 
active tuberculous lesion. It seems to me 
that in most patients whose Addison’s 
disease is in its first crisis, treatment of this 
order would produce a favorable response. 

Dr. ALEXANDER: Your point is well taken. 
Dr. Futcher, I believe you saw this patient. 
Would you comment on her therapy? 

Dr. FuTcHer: In retrospect, it is con- 
ceivable that this patient should have re- 
ceived even larger doses of adrenocortical 
extract and of fluids than she was given. 
However, as Dr. Robert Loeb has pointed 
out, there are patients with Addison’s 
disease who may, when in crisis, not exhibit 
severe electrolyte and carbohydrate in- 
balances but who, despite adequate therapy, 
die in shock. There are certainly many 
factors which govern the response, in a 
given case, to treatment of Addisonian crisis. 

Dr. ALEXANDER: Are there any questions? 

STUDENT: Was the prolonged P-R interval 
peculiar to Addison’s disease or does it 
represent a potassium effect? 

Dr. Massie: The finding of delayed 
auriculoventricular conduction as evidenced 
by a P-R interval of 0.24 seconds is not 
uncommon in a patient who is in shock. 

_STupENT: Can one postulate the reactiva- 
tion of latent tuberculosis on the basis of the 
iodine therapy following thyroidectomy? 

Dr. McDermott: There is insufficient 
evidence at the present time to answer that 
question. In this patient, however, the 
iodine had been given some fifteen years 
before her terminal episode and it seems 
most unlikely that it was of importance. 

STUDENT: Was there any explanation of 
the neurologic findings which this patient 


‘exhibited? 


Dr. ALEXANDER: That is a very good 
question. Dr. MacBryde, are there specific 
neurologic lesions in Addison’s disease? 


‘ 
. 
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Dr. MacBrybe: | do not think they are 
part of the syndrome, Dr. Alexander. 


STUDENT: Should chronic glomeruloneph- 
ritis be included in the differential diagnosis? 


Dr. FutcHer: Although it is true that | 


so-called salt-losing nephritis may produce 
a picture resembling that of adrenocortical 
insufficiency, I believe the low normal 
N.P.N. in this instance would be against 
that diagnosis. 

Dr. ALEXANDER: In summary, I believe 
we all believe that this patient had adrenal 
insufficiency and died in a crisis which 
failed to respond to therapy. 

Clinical Diagnosis. Adrenal insufficiency 
(Addison’s disease); in crisis. 


PATHOLOGIC DISCUSSION 


Dr. Henry Lance: The skin of the lower 
chest showed fine brownish pigmentation. 
The heart was small, weighing 230 Gm. 
There was distinct dilatation of the left 
atrium and moderate fibrous thickening 
and stenosis of the mitral valve. The 
coronary arteries were markedly thickened, 
tortuous and partially occluded by calcified 
plaques. There were irregular grey foci of 
fibrous tissue in the muscle of the left 
ventricle, left auricle and anterior septum. 
The lungs were small and the middle lobe 
of the right lung was hypoplastic. The 
parenchyma was moist and of increased 
consistency with scattered rubbery foci of 
atelectasis. No active lesions of tuberculosis 
were present, but there were calcified and 
fibrous nodules in all lobes of the lungs and 
in the right tracheobronchial lymph nodes 
there were similar nodules measuring 2 to 
3 mm. in diameter. | 

The adrenal glands were of normal size. 
On section there were nodules 2 to 10 mm. 
in diameter, of greyish-white, firm tissue 
surrounded by a zone of brownish pigmen- 
tation which replaced all but a narrow zone 
of recognizable cortex. In the other organs 
there were no significant changes except for 
congestion of the liver and spleen. When 
the spinal cord was cut, the substance 
bulged markedly; there was an advanced 
congestion of all of the central nervous 
system but no recognizable lesions. 
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Dr. R. A. Moore: ‘The anatomic findings 
in this case are those of tuberculosis of the 
adrenal glands without active tuberculosis 
elsewhere in the body. The only other 
indications of such an infection were the 
calcified nodules in the lung, lymph nodes, 
liver and spleen, which were of the type 
and distribution generally interpreted as 
the healed lesions of first-infection tuber- 
culosis. By and large, tuberculosis of the 
adrenal glands is a complication of reinfec- 
tion tuberculosis. This patient apparently 
was not suffering from reinfection tuber- 
culosis of the usual type, and one must 
assume that the lesions were in some way 
related to the first infection. 

The first illustration (Fig. 1) is from a 
section of the adrenal gland; on the left a 
small amount of adrenal substance remains. 
Next to the few adrenal cortical cells there is 
a thick layer of fibrous tissue and then a 
zone of necrosis with heavy cellular infiltra- 
tion. In Figure 2 this type of lesion is better 
illustrated. The small granulomas are sharply 
circumscribed and surrounded by fibrous 
tissue which is infiltrated largely with 
mononuclear cells and a few polymorpho- 
nuclear leukocytes. The granulomatous 
lesions are in part made up of living cells 
and in part of necrotic cells with sharp 
demarcation between the necrotizing lesions 
and the surrounding tissue. In Figure 3 the 
edge of a larger lesion with giant cells em- 
bedded in the surrounding fibrous tissue is 
illustrated. The microscopic appearance of 
these lesions is that of tuberculosis; acid-fast 
bacilli were identified within them. Thus 
the diagnosis of tuberculosis of the adrenal 
gland was established. 

The next illustration (Fig. 4) is from a 
section of the thyroid gland. We were 
interested in the thyroid for two reasons: 
First, the patient had a subtotal thyroid- 
ectomy sixteen years before death but at 
the time of autopsy the thyroid gland was 
of normal size and composed of two lobes; 
second, at times there are changes in the 
thyroid in Addison’s disease, particularly 
in the types caused by cytotoxic atrophy 
of the adrenal gland. The changes in the 
thyroid in such cases resemble those of 
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Fic. 3. Edge of a tuberculous granuloma with typical 
necrosis, fibrosis and giant cells. Acid-fast bacilli were 
identified in similar sections. 


Hashimoto’s disease in that there is a great 
increase of lymphoid tissue between the 
lobules of the thyroid. There is a moderate 
increase of such tissue in this section but the 
acini of the thyroid vary greatly in size. 
There is moderate storage of colloid. As 
lymphocytic infiltration and the formation 
of lymphoid tissue also occur in the thyroid 
gland in hyperplasia associated with hyper- 
thyroidism, I am unable to decide whether 
the anatomic changes in this instance repre- 
sent the residuum from old hyperthyroidism 
or whether they are part of Addison’s 
disease. Certainly they are quite consistent 
with the changes that I have seen in 
Addison’s disease. 

In Figure 5 a section of the myocardium 
is seen which shows the focal fibrosis present 
in the sites described grossly. This change 
in the heart was probably the result of 


DECEMBER, 1949 


Clinico-pathologic Conference 


| 
LY 


Fic. 1. Edge of tuberculous lesion of the adrenal with 
an adjacent small number of persistent cortical cells. 


833 


Fic. 2. Partially necrotic granulomas of tuberculosis 
in the adrenal gland. The stroma of the gland is 
extensively destroyed and replaced by fibrous tissue. 


Fic. 4. Changes in the thyroid present sixteen years 
after subtotal thyroidectomy. The infiltration of 
lymphocytes and moderate storage of colloid are the 
most prominent features. 


coronary insufficiency inasmuch as there 
was a moderate to advanced degree of 
coronary arteriosclerosis. The other possi- 
bility is, of course, that this change might 
have resulted from the episode of hyper- 
thyroidism, inasmuch as the administration 
of thyroid substance to animals will lead to 
foci of necrosis in the heart muscle. That 
possibility seems to me unlikely since the 
hyperthyroidism had occurred so many 
years before the patient died of Addison’s 
disease. 

The last illustration (Fig. 6) is from the 
liver. It is incidental to the case but demon- 
strated very well the appearance of the liver 
after a patient has received large amounts 
of glucose. There is a large amount of 
glycogen in the liver cells which gives the 


cytoplasm a reticulated, almost vacuolated 


appearance. In many places the nuclei 
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Fic. 5. Focal interstitial fibrosis of the myocardium 
of the type usually associated with coronary arterio- 
sclerosis. 


are the so-called “floating nuclei.” This 
section of liver probably also reflects a 
relative depletion of proteins as the plasma 
proteins were about 4.4 Gm. per cent. 

It should be remembered that Addison’s 
disease, so far as I am aware, is not a 
diagnosis based on pathologic anatomy. 
Addison’s disease is basically a physiologic 
disturbance. Pathologic anatomists may 
find tuberculosis of the adrenal gland quite 
comparable to what was present.in this 
patient and with what appears to be total 
or partial destruction of the adrenal cortex 
and of the adrenal medulla, and yet the 
clinical history may give no clue that the 
patient had any of the physiologic disturb- 
ances that make up this syndrome. This 
patient had anatomic changes compatible 
with Addison’s disease, and that observation 
is supported by the clinical findings previ- 
ously discussed. 

Tuberculosis of the adrenal glands is the 
most frequent lesion responsible for Addi- 
son’s disease. In Guttman’s review of 566 
cases, 70 per cent had tuberculosis of the 
adrenals, 16 per cent had primary cytotoxic 
degeneration, and there were other causes 
of varied type including less than 1 per cent 
due to other infections and 1.7 per cent due 
to amyloid disease of the adrenal. In about 
1 per cent of the cases no demonstrable 
lesion was recognized in the adrenals. It is 
also of interest that in analysis of the degree 
of pigmentation in 209 of the cases, Guttman 
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Fic. 6. Vacuolated hepatic cells with rarefied cyto- 
plasm and ‘‘floating nuclei.” The changes reflect both 
the low plasma proteins and the large amounts of 
glucose received shortly before death. 


demonstrated it to be directly proportional 
to the duration of the disease. 

In regard to a few other aspects of this 
case, such as the condition of the heart and 
the cardiovascular system, this patient did 
have arteriosclerosis and fibrosis of the 
myocardium. We were not impressed, how- 
ever, with thé part that cardiac failure might 
have played in the terminal illness. There 
was no fluid in any of the cavities; and 
although there was congestion of the organs, 
the congestion was acute rather than 
chronic. Consequently, we have listed 
arteriosclerosis and myocardial fibrosis as 
accessory diagnoses. The pituitary gland 
was essentially normal; I do not believe 
that it played any part in this patient’s 
illness. The only anatomic findings related 
to the signs in the central nervous system 
were congestion of the central nervous 
system which was quite marked and evi- 
dences of edema of the spinal cord. 

Final Anatomic Diagnoses. ‘Tuberculosis 
of the adrenal glands (clinical diagnosis of 
Addison’s disease); bronze pigmentation of 
the skin of the anterior chest; fibrous nod- 
ules with calcification and anthracosis in all 
lobes of the lungs; calcified nodules in the 
right tracheobronchial lymph nodes and 
in the spleen. 


Acknowledgment: The photographs were made 
by the Department of Illustration, Washington 
University School of Medicine, St. Louis, Mo. 
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Case Reports 


Coarctation of the Aorta’ 


E. R. Hayes, M.p. and H. M. STAUFFER, M.D. 


Minneapolis, Minnesota 


T this time when such remarkable 
A. strides are being made in vascular 
*\Ks. and cardiac surgery, it seems de- 
sirable to report a case of coarctation of the 
aorta which was found in a man aged 


seventy-two years. This case is particularly 
interesting because of the characteristic 


x-ray findings which are discussed in some 


detail. 

No attempt is made to review the exten- 
sive literature on this subject; however, it 
is worth noting that in 200 cases collected 
from the literature by Abbott! in 1928 only 
two patients were over seventy years of age. 


CASE REPORT 


O. S., a seventy-two year old white man was 
admitted to the University Hospital on April 5, 
1948, complaining of shortness of breath and 
swelling of his feet and ankles. The present ill- 
ness began two years prior to admission with a 
severe coughing spell which came on suddenly, 
lasted for several hours but produced no blood 
or sputum. The patient had been working daily 
until the time of onset; there was no unusual 
physical exertion associated with the coughing 
spell. His physician was consulted and he ad- 
vised bed rest for six weeks. The patient was 
asymptomatic at rest but when he resumed 
activity he noted dyspnea. There had been a 
gradual aggravation of dyspnea with develop- 
ment of orthopnea during the past two years. 
For the past eight months he had not been able 
to walk more than a block at a time and had had 
ankle edema. | 

He had been on a restricted salt intake, i1.e., 
reduction in the amount of salt used in preparing 
food, but had eaten ordinary bread and butter. 
He had received 14 tablet of digitalis daily for 
the past two years and during the eight months 
prior to admission had received a mercurial 
diuretic about once a week. 


Philadelphia, Pennsylvania 


At the age twenty-two he had been refused 
life insurance because of an ‘‘enlarged heart’” 
and hypertension. He had had the usual child- 
hood diseases and had had a subtotal gastric 
resection in 1943 because of a benign pyloric 
ulcer. At ‘the time of surgery notching of the 
ribs and cardiac enlargement had been noted 
on x-ray examination and the diagnosis of 
coarctation of the aorta was suggested. He had 
recovered satisfactorily from his surgery and 
had been able to eat a relatively adequate diet. 
The family history and review by systems were 
non-contributory except as noted above. 

Physical examination revealed the tempera- 
ture to be 98.8°F., pulse 85, respirations 20. The 
pupils were equal and reacted to light and 
accommodation. The optic fundi showed only 
very minimal arteriolar sclerosis without spasm. 
The remainder of the examination of head and 
neck showed nothing abnormal. Large, tortu- 
ous, pulsating blood vessels were noted about 
both scapulae. The lungs revealed moist rales 
at both bases. Blood pressure was 180/110 in 
arms and 130/85 in legs. The left border of the 
heart was at the anterior axillary line in the fifth 
and sixth interspaces. No thrills were noted. 
There was a presystolic gallop rhythm at the 
apex with a soft systolic murmur. A well healed | 
upper abdominal surgical scar was noted. Liver, 
spleen and kidneys were not palpable. No other 
abnormalities were noted. The prostate was 
slightly enlarged, smooth and non-tender. There 
was pitting edema of ankles and legs. Femoral 
pulsations were noted but popliteal and dorsalis 
pedis pulsations were absent. 

Urinalysis revealed a specific gravity of 1.024; 
normal chemically and microscopically. Hemo- 
globin was 13.9 Gm.: white blood cells 10,200 
with 63 per cent neutrophiles; blood urea 
nitrogen 20 mg. per 100 cc.; serum albumin 
4.0 Gm. and serum globulin 2.2 Gm. per 100 cc.; 
the Kline test was negative; venous pressure was 
12.7 cm. of citrate in arms; vital capacity 2.8 L. 
(63 per cent of expected normal). An electro- 


* From the Departments of Medicine and Radiology, University of Minnesota, Minneapolis, Minn. 
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Fic. 1. F view of shen 19, 1943. 
arrow: dilated proximal portion of left subclavian 
artery. Lower arrows: left border of descending aorta. 
Note left ventricular enlargement of heart and marked 
notching of inferior surfaces of ribs. 


cardiogram showed frequent ventricular extra- 
systoles and a left bundle branch block, a find- 
ing which had been present in 1943. 

An x-ray (Fig. 1) taken on July 19, 1943, 
showed moderate cardiac enlargement with 
prominence of the left lower pole of the sil- 
houette indicating left ventricular enlargement. 
The convexity of the ascending aorta was just 
visible along the right mediastinal contour but 
the prominence was insufficient to indicate 
significant enlargement of the ascending aorta. 
Along the left upper mediastinal contour there 
- was a rounded projecting soft tissue shadow at 
the level where the aortic knob is normally 
found. ‘Ye pulmonary artery shadows appeared 
normal. The waist-line of the heart along the 
left border was rather deep, and just within the 
cardiac contour at the level of the waist-line a 
second contour was visible suggesting descending 
aorta. This contour at its upper margin made 
a rather deep notch with the shadow of the pro- 
jection which was presumed to represent aortic 
knob. Very extensive notching of. the inferior 
aspects of the posterior portions of the lower ten 
ribs bilaterally could be visualized. — 

Fluoroscopic examination and chest films of 
April 6, 1948, showed marked increase in the 
size of the heart, again predominantly involving 
the left ventricle. There was at this time eleva- 


tion of the soft tissue zone at the left base with | 
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Fic. 2. Left : anterior iaienn view - of chest April 6, 
1948. Arrows point to notched shadow possibly 
representing narrowing at isthmus of aorta with 
dilated subclavian artery above. Note poor visualiza- 
tion of transverse portion of the aortic arch. 


evidence of pleural effusion laterally, and a left 
lateral decubitus film demonstrated that the 
increased soft tissue zone at the left base repre- 
sented partially loculated pleural fluid over the 
surface of the diaphragm. There was also a small 
right pleural effusion. The findings with respect 
to the rib notching and the upper cardiac and 
mediastinal contours on the left side were un- 
changed, the appearance still suggesting the 
presence of a rather prominent aortic knob. 
Examination in the left anterior oblique view 
(Fig. 2) revealed a lack of visibility of the trans- 
verse portion of the aortic arch. In this same 
left anterior oblique view there was a suggestion 
of a notched soft tissue shadow superimposed 
on the outline of the spine at a level correspond- 
ing rather closely with that expected for the 
isthmus of the aorta. This last finding was not 
definite and perhaps without significance al- 
though the position of the shadow suggested 
that it might represent the narrowed isthmus 
with the dilated subclavian above. 

The patient was placed upon a diet which 
contained less than 1 Gm. of salt per day and 
the digitalis was increased until the patient ex- 
hibited the early symptoms of digitalis toxicity. 
In the course of a week the patient lost 9 pounds 
in weight (from 154 to 145), the rales in his lungs 
disappeared and dyspnea was no longer evident. 
The vital capacity rose to 3.41 L. (80 per cent) 


‘ me venous pressure fell to 6.2 cm. of citrate. 
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He was completely ambulatory at the time of 
discharge from the hospital. He was instructed 
to continue on the low salt diet and to take 
0.2 mg. of digitoxin daily. 


COMMENT 


This case seems worthy of report because 
of several interesting findings. In a man who 
had had significantly elevated blood pres- 
sure for fifty years, the changes in the vessels 
of the optic fundi were minimal or even 
‘within normal limits for the patient’s age,” 
as reported by the ophthalmologist. This 
would seem to lend support to the theory 
that the vascular changes in the optic fundi 
as seen in essential hypertension are the 
product of more than the elevated blood 
pressure. 

The fact that this patient attained an age 
of seventy years before he was embarrassed 
by a failing heart might lend support to the 
theory that these patients get along well 
until some other factor is added which leads 
to heart failure. In this particular case one 
might as well attribute the heart failure to 
arteriosclerotic heart disease as to coarcta- 
tion. One might also theorize as to varying 
degrees of coarctation and believe that this 
represented a low degree of aortic obstruc- 
tion. However, the degree of collateral 
circulation established would argue against 
such a hypothesis. 

Two of the common clinical findings in 
coarctation of the aorta were not demon- 
strable in this patient, namely, the basal 
systolic murmur and absent femoral pulsa- 
tions, yet the findings dependent upon 
collateral circulation were very apparent. 
It is possible that the low position of the 
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aortic arch might explain the absence of the 
typical basal systolic murmur. 

The rib notching in this case was quite 
extensive and pronounced and was entirely 
characteristic of coarctation of the aorta. 
The shadow suggesting a prominent aortic 
knob in the presence of definite clinical and 
roentgen evidence of coarctation is of inter- 
est since one of the usually helpful roentgen 
signs is the inconspicuousness of the aortic 
knob. In the present case visualization of 
the shadow of the left border of the descend- 
ing aorta well within the heart border was 
taken as evidence that the upper vascular 
projection was actually the dilated proximal 
portion of the left subclavian artery. Gladni- 
koff? has recently called attention to this 


' finding in cases of coarctation of the aorta 


and also has attributed the poor visibility 
of the transverse portion of the aortic arch 
in the left oblique view to shortening and 
downward or medial retraction of the aortic 
arch. 


SUMMARY 


A report is made of a case of coarctation 
of the aorta diagnosed in a man aged 
seventy-two years by clinical vascular find- 
ings and x-ray evidence. This patient has 
lived an active life despite signs of right and 
left ventricular failure. He responded well 
to ordinary treatment for congestive failure. 
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Regional Enteritis Complicated by 
Pylephlebitis and Multiple Liver Abscesses’ 


FrREDERIC W. TAYLOR, M.D. 
Indianapolis, Indiana 


HE usual and expected complica- 
tions of regional enteritis are vary- 
ing degrees of intestinal obstruction, 
local abscesses, perforation, fistulas and 
frequent bowel dysfunction with its attend- 
ant inanition and anemia. Recently a 
patient with this disease was studied at the 
University Hospitals. She died one month 
following operation with the complications 
of pylephlebitis and liver abscesses. The 
writer has never observed this complication 
and has been unable to find any such reports 
in the literature. A brief recording of the 
salient features of this case therefore seems 
warranted. 

On reflection it seems strange indeed that 
pylephlebitis and liver abscesses are not fre- 
quently a terminal event in patients suc- 
cumbing to regional enteritis. Certainly the 
stage is all set for such a complication, 
namely, a diseased bowel wall which has 
been invaded to the point of perforation by 
all manner of intestinal bacteria, a thick- 
ened inflamed mesentery which on occasion 
contains actual abscesses and general de- 
bility predisposing to any overwhelming 
infection. 

This unusual complication makes inter- 
esting speculation. Possibly its rarity is due 
to the fact that the infection is a chronic one 
in which the body has ample opportunity 
to throw up local barriers as well as to pro- 
duce a certain amount of systemic im- 
munity. Whatever the reason, it is not the 
purpose of this communication to attempt 
an answer. 


CASE REPORT 


F. S. (XL 80925) was a white American 
woman of thirty-seven who was first admitted 


to the University Hospitals in July, 1944. Her 
complaint was diarrhea of nine months’ dura- 
tion, epigastric cramps and nervousness. On 
this admission there were no positive findings 
except for a draining perirectal abscess. Labora- 
tory findings were within normal range and no 
significant organisms were identified in stool 
cultures. 

The second admission was in July, 1945, 
because of diarrhea, abdominal cramps, blood 
in the stool and a 40 pound weight loss since 
the onset of illness. Again findings were negative 
except for a low serum protein (5 Gm. per cent), 
a rectal fistula and occasional blood in the stool. 
X-ray study of the chest, esophagus, stomach, 
duodenum, terminal ileum and colon were 
negative. The patient improved on symptomatic 
care and was allowed to go home only to be 
admitted a third time one month later for 
excision of the rectal fistula. Pathologic study 
of this revealed only chronically inflamed 
granulation tissue. A second stage of the fistula 
operation was done on the fourth admission in 
November, 1945. 

In December, 1946, the patient was admitted 
for the fifth time, still complaining of gas pains, 
diarrhea and occasional vomiting. Laboratory 
studies again were negative except for a moder- 
ate anemia. Further x-ray studies were made 
and these demonstrated a terminal ulcerative 
ileitis and probably ulcerative colitis. Attempts 
were made to improve the patient’s physical 
condition by means of diet and transfusions. 
This was partially successful. Sulfasuxidine was 
started one week prior to contemplated surgery. 
Complete intestinal obstruction was never a 
threat in this woman although at times she 
became moderately distended. 

On January 31, 1947, the abdomen was 
explored through a right lower rectus incision. 
The terminal 2 feet of ileum presented the 
typical picture of the acute phase of regional 


* From the Department of Surgery, Indiana University School of Medicine, Indianapolis, Ind. 
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Fic. 1. Fibrosis and edema of terminal ileum and its mesentery; small thrombosed veins can be seen; numerous 
minute abscesses were found toward the base of the mesentery (not shown in cut). The dark group of cells to the 


right is hyperplastic lymphoid tissue. 


Fic. 2. Portal vein completely blocked with thrombus. In the vein wall there are areas of inflammatory cell infiltra- 


tion and actual suppuration. 


enteritis. The gut wall was greatly thickened by 
a brawny edema. The rope-like portion of the 
bowel seemed to have practically no lumen. Its 
supporting mesentery was very thick, edematous 
and shortened. The disease stopped abruptly at 
the cecum and no abnormalities were noted in 
the ascending or transverse colon. Proximally the 
disease gradually decreased in intensity until the 
ileum appeared normal at a distance of 3 feet 
from the cecum. At this point the ileum was 
joined to the transverse colon by a simple side- 
to-side anastomosis, giving a 144 inch stoma. 
This was done in an anti-peristaltic direction 
and without dividing the distal ileum to exclude 
it from the circuit. Because of the patient’s rather 
critical condition no thought was given to the 
possibility of a resection of the diseased gut. A 
lymph node removed from the mesentery of the 
ileum demonstrated only hyperplasia and 
chronic inflammation. 

The postoperative course was exceptionally 
smooth with considerable improvement in ab- 
dominal pain and discomfort. Moderate diar- 
rhea continued. The patient showed steady 
‘ progress so that she was discharged on the 
twentieth postoperative day (February 20, 
1947), in fair physical condition. 

Six days later this patient returned complain- 
ing of vomiting and recurrence of severe 
diarrhea. She appeared quite ill, with a tem- 
perature of 102°r. The white blood count was 
17,500 with 91 per cent polymorphonuclears; 
the urine was loaded with pus cells. There was 
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slight diffuse abdominal tenderness and disten- 
tion. Lacking a definite diagnosis the patient 
was treated symptomatically with transfusions 
and intravenous fluids as indicated by blood 
findings. Her course was progressively down- 
hill. She became comatose on the second day 
‘after admission and a definite icteric tint to the 
skin became apparent two days later. The 
jaundice deepened and numerous petechial 
hemorrhages were noted about the neck. 
Penicillin and sulfadiazine were given em- 
perically with clearing of the urinary tract 
infection and lowering of the temperature to 
99° to 100°r. The patient, however, became 
more comatose, dyspneic and jaundiced. 

She died March 6, 1947, with an elevated 


total non-protein nitrogen, dependent edema 


and edema of lungs with pleural effusion. Death 
occurred thirty-four days after operation and 
fourteen days after she was thought to have 
made a satisfactory postoperative convalescence 
and was discharged from the hospital. 

At autopsy (L2094) the condensed, pertinent 
findings were as follows: The abdomen con- 
tained approximately 1,500 cc. of clear bile- 
stained fluid. The ileotransverse colostomy was 
well healed with an ample stoma. Fibrosis and 
edema of the terminal ileum showed no change 
over that seen at operation. (Fig. 1.) Micro- 
scopically, numerous abscesses were demon- 
strated in the thickened mesentery of the ileum. 
Also noted were mesenteric veins containing 
thrombi. These thrombi could be traced upward 
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Fic. 3. Liver abscess; pus is surrounded by loose granu- 
lation tissue. Degenerative changes in the liver cells 
on the right are representative of those found through- 
out this organ. 


through the superior mesenteric vein into the 
portal vein. Here microscopic sections demon- 
strated a suppurative pylephlebitis. (Fig. 2.) 
The liver was yellowish brown and weighed 
2,150 Gm. The cut section demonstrated many 
small abscesses containing a watery, gray pus. 
(Fig. 3.) From one or more of these hepatic 
abscesses pus had burrowed inside the falciform 
ligament, down to the anterior abdominal wall. 
Culture of the pus revealed a variety of organ- 
isms. (E. coli, non-hemolytic streptococcus, 
diphtheroids). These, of course, were secondary 
invaders forming an ascending infection from 
the gut to the liver. Ulcerations were present in 
the mucosa of the ileum. Undoubtedly the 
bacteria gained access to the venous channels 
by this route. Why the tissue invasion should 
have occurred in this particular manner was not 
explained by the postmortem examination. 


The lungs demonstrated a rather extensive | 
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terminal hypostatic bronchopneumonia. The 
kidneys were normal except for mild tubular 
degeneration. Other organs including the brain 
were not remarkable. 


SUMMARY 


A case of regional enteritis ending in 
pylephlebitis and multiple liver abscesses 
is here briefly recorded. 

The writer has never seen such a com- 
plication and has been unable to find the 
record of a similar case. It is difficult to 
understand why this termination does not 
occur frequently in view of the lesion site 
and its potentialities. It 1s suggested that 
one reason for this rarity may be that the 
disease is fundamentally a chronic one 
allowing local tissue barriers as well as 
systemic immunity to play an important 
réle. 

Just when the pylephlebitis and the liver 
abscesses appeared in this case cannot be 
accurately determined from the patient’s 
course or from the pathologic sections. It 
seems possible that the operative trauma 
was sufficient to initiate the terminal event. 
Since abscesses were demonstrated in the 
mesentery at the postmortem examination, 
it seems possible that these may have broken 
through their natural confines during the 
final operation, giving rise to liver abscesses. 
The liver abscesses on tissue section ap- 
peared to be at least several weeks old. 
The thrombosis of the portal vein, of course, 
was a terminal episode. _ 


AMERICAN JOURNAL OF MEDICINE 


840 


Hemophilia in Twins’ 


ARMAND J. QUICK, M.D. and JAMES P. Conway, M.D. 
Milwaukee, Wisconsin 


HE occurrence of hemophilia in 

twins is of special genetic interest. 
The appearance of the disease in 

one or both twins has been observed by 
various investigators who have gathered 


statistics on hemophilic families. Skold? in 


his study of sixty affected families in Sweden - 


found four sets of twins in two of which the 
disease occurred in both boys. The author 
does not state whether these were identical 
(enzygotic) or fraternal (dizygotic). In a 
third set the boy was a bleeder while his 
sister was normal, but the potentiality of 
being a carrier remained undetermined. 
The fourth twins were girls both of whom 
were Carriers since each had hemophilic 
offsprings. Again no mention is made 
whether they were enzygotic. Birch? in her 
series of seventy-five hemophilic families 
found three sets-of twins. In one the boy 
was a bleeder and the sister normal, with 
the possibility of being a carrier. In another 
set one boy was normal while the twin 
brother was a severe bleeder who died of 
internal: hemorrhage in early childhood. 
The third twins in the series were identical 
or enzygotic. Both had the same blood 
grouping and ran similar clinical courses. 

It is logical to expect that in identical 
twins both should inherit the defect. The 
following case history is therefore not only 
interesting but also mystifying. 


CASE REPORT 


A normal mother with a negative family 
history of bleeding gave birth to twins, D. S. 
and T. S., March 31, 1942. The two boys were 
very similar in appearance and the mother re- 
members being told that there was only one 
placenta. Unfortunately this was not recorded 
on the hospital chart. Both boys were circum- 
cised when a week old. T. S. had no abnormal 


White blood cells. 


Prothrombin (100%)................... 


bleeding and left the hospital with his mother 
two days later. D. S. had severe bleeding follow- 
ing the operation and required a transfusion of 
75 cc. of fresh blood before the hemorrhage was 
controlled. The coagulation time (procedure not 
specified) was two and one-half minutes. 

Up to the age of three, D. S. had no serious 
hemorrhages, but it was observed that he 
bruised easily and developed marked swelling 
from trivial bumps. His brother (T. S.) at no 
time showed any bleeding tendency. When he 


was three years old, D. S. was studied by Dr. 


Frederick Madison and one of us (A. J. Q.) on 
March, 1945. The following findings were 
obtained: 


Red blood cells. . .| 4,160,000} Clotting time of recalci- 
fied plasma (3) 
6,800} After low centrifugation 


—210 sec. 

Hemoglobin... .. . 12 Gm. | After high centrifugation 
—225 sec. 

Platelets......... 112,000; Prothrombin (100%) 12 | 
sec. 

Bleeding time....| 3 min. | Ascorbic acid—2 mg. per 
100 cc. of blood 

Coagulation time 

(Lee-White)....| 5 min. | Clot  retraction—within 


1 hr. 


These results were inconclusive and did not 
permit a definite diagnosis of hemophilia; but 
two months later when a definite hemorrhagic 
episode occurred with bleeding into his groin 
and left thigh, positive findings were obtained: 


Coagulation time (Lee-White)........... 1014 min 

Coagulation time of recalcified plasma 
After low centrifugation............... 180 sec. 
After high centrifugation.............. 360 sec. 
sec. 


From then on his clinical course has been 
typical of hemophilia. At one time he bled pro- 
fusely from a small cut on his tongue. At another 
time he had a hemorrhage into his right knee. 
He has never had nose bleeds, an observation 


*From the Department of Biochemistry, Marquette University School of Medicine and Milwaukee Children’s 
Hospital, Milwaukee, Wis. This work was supported by a grant from the United States Public Health Service. 
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which is not surprising since many hemophilics 
never have epistaxis. 

His bleeding episodes appear to be cyclic and 
often are initiated by prodromal manifestations. 
This is particularly well illustrated by the 
following incident: For no accountable reason 
he suddenly began to feel listless and complained 
of being unusually tired. Following this he lost 
his appetite and two days later began vomiting 
and complained of pain in the abdomen with 
localization over McBurney’s point. This neces- 
sitated making a diagnosis of acute appendicitis 
although the possibility of abdominal hemor- 


rhage was recognized. The decision to operate ~ 


was made. He was given 300 cc. of lyophilized 
plasma intravenously. The transfusion was 
started an hour before the operation and com- 
pleted during the operation. The appendix was 
found normal but there was a retroperitoneal 
hemorrhage behind the cecum. The appendix 
was removed and special care was taken to tie 
off all bleeders. No unusual bleeding was en- 
countered. The administration of plasma defi- 
nitely improved the hemostatic property of his 
blood as shown by the prothrombin consump- 
tion test.*:* The time was eleven seconds before 
the transfusion and twenty-one seconds after he 
received the plasma. Two and one-half days 
after the operation it was still twenty-one 
seconds and the coagulation time (Lee-White) 
seven and one-half minutes. Twenty-four hours 
later, however, the prothrombin consumption 
time was eleven seconds and he was bleeding 
into his incision. He was given 250 cc. of fresh 
blood. The prothrombin consumption time 
immediately increased to twenty-five seconds, 
hemorrhage was controlled and he had no 
further bleeding. | 
He had another unusual bleeding episode. 
As the result of a cold he developed a severe 
cough. Apparently from strain he ruptured a 
small vessel in the anterior neck and bled into 
the mediastinum: this was verified by roentgeno- 
logic examination. He was given a transfusion 
of 250 cc. fresh whole blood. The prothrombin 


* The prothrombin consumption test consists in allow- 
ing blood to coagulate and then determining the pro- 
thrombin remaining unconverted in the serum. The test 
is carried out as follows: 0.1 cc. of human oxalated 
plasma treated with calcium phosphate (which serves as 
the source of fibrinogen) is mixed with 0.1 cc. of thrombo- 
plastin and 0.1 cc. of 0.02 M calcium chloride. To this 
mixture, 0.1 cc. of serum is rapidly added from a pipette 
and the formation of a clot accurately timed. Normal 
blood has a prothrombin consumption time of sixteen to 
thirty-five seconds, whereas hemophilic plasma has a 
value varying from nine to twelve seconds. 
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consumption time before the transfusion was ten 
and one-half seconds and sixteen and one-half 
seconds after the blood was given. 

While D. S. is a typical hemophiliac, his twin 
brother is entirely normal. There is evidence 
that they are identical twins. Some of the 
similarities are: 


D. S. T. S. 
Hazel brown Hazel brown 
Nose and ears. ..| Same shape and size (including type 
of ear lobe) 
Very dark brown | Very dark brown 
Same type whorl and identically 
located 

Height......... 4814 in. 4714 in. 
Weight......... 48 lb. 46 lb. 
Blood grouping. .| A, MN Rho’ A, MN Rho’* 
Probable genetic 

pattern....... CDe/CDe CDe/CDe 
Mothers blood 

grouping— 

BM Rho’ (CDe/CDe) 


* We are indebted to Dr. Tibor J. Greenwalt and the 
Junior League Blood Center of Milwaukee for these 
studies. 


The coagulation studies of the family were: 


D. S. | T. S. | Father | Mother 
Coagulation time (Lee-White)....| 134 6 5 min. 
Coagulation time of recalcified 
plasma 
After high centrifugation....... 600 135 
After low centrifugation....... 210 105 
Prothrombin time............. 1243 | 1246 |} 124g |124¢@ sec. 
Prothrombin consumption time 
11 19 20 18 sec. 


After mixing 1 cc. of D. S. blood with 1 cc. of 
his brother’s a coagulation time of six minutes 
resulted and the prothrombin consumption 
time was twenty seconds in one hour. 


COMMENT 


From the data presented it is clear that 
one twin is a typical hemophiliac whereas 
his brother is entirely normal. All the evi- 
dence obtainable strongly indicates that 
these boys are identical twins. Their blood 
types are exactly the same. They are very 
similar in appearance. (Fig. 1.) The hemo- 
philic boy is a little taller and heavier 
which his mother attributes to the greater 
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amount of rest he receives. The color of the 
eyes and the shade of their hair are identical 
and even such details as the type and loca- 
tion of the whorl of their hair completely 
match. There is a similarity of their finger 
prints, but these have not been studied 
thoroughly. If it were not for the finding 
that one is a bleeder and the other normal, 
one would unhesitatingly classify them as 
enzygotic. Assuming that they are identical 
twins, one is at a loss to explain how one 
has the characteristic defect of true hemo- 
philia while the other escaped this inborn 
error in the blood. 

Since the family history as far as it is 


obtainable is negative, the simplest ex-_ 


planation would be to postulate a mutation 
in the affected twin and class him as a 
sporadic hemophiliac. But one must be 
extremely cautious in calling any case 
sporadic in view of the insidious heredity 
pattern of the disease. If it were common 
for this disease to originate de novo, one 
would expect an incidence in the negro 
approximating that of the white race. Yet 
it is doubtful whether true hemophilia has 
ever been unequivocally demonstrated in 
a person of pure negro ancestry. It must be 
emphasized that the diagnosis of hemophilia 
was never conclusive until the development 
of recent methods particularly the pro# 
thrombin consumption test, and that ac- 
quired hemophilia-like disease*® and the 
hereditary types of congenital hypopro- 
thrombinemia’ closely resemble true hemo- 
philia clinically, and are also characterized 
by a prolonged coagulation time. 

In view of these considerations no attempt 
will be made to explain the paradoxical 
occurrence of hemophilia in only one of 
presumably identical twins. The purpose of 
this paper is merely to present this unusual 
observation, since with the accumulation of 
such diverse findings more light may be shed 
on the peculiarities of inheritance. 


SUMMARY 


The history, clinical and _ laboratory 
findings are presented of a hemophilic boy 
who is one of presumably identical twins. 
His brother is entirely normal. 
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Fic. 1. D. S., the hemophilic twin, is on the left. Due 
to hematomas, particularly of the forehead, and scar- 
ring about the mouth, the facial features have been 
somewhat changed. Consequently the similarity in 
appearance of D. S. and T. S. is not as striking as is 
often observed in identical twins. 
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The Parathyroid Glands and Metabolic Bone 
Disease. Selected Studies. By Fuller Albright, m.p. and 
Edward C. Reifenstein, Jr., M.p. 393 pages. Baltimore, 
1948. The Williams and Wilkins Company. Price $8.00. 


New publications of Fuller Albright and 
his associates at the Massachusetts General 
Hospital are always received with interest; 
this concise, authoritative monograph sum- 
marizes the group’s major contributions 
to the field of calcium and _ phosphorus 
metabolism during the past two decades. 

Although emphasis is given to hyperpara- 
thyroidism, osteoporosis and osteomalacia, 
considerable information about other dis- 
eases of bone is included. The discursive 
style makes pleasant reading, the numerous 
illustrations are well chosen and the twenty- 
page bibliography covers most of the 
relevant literature. 

The chapter on physiology is short but 
adequate. Without embarking upon ex- 
tended technical discussions, the authors 
review the available evidence dealing with 
the action of the parathyroid glands and 
the formation and maintenance of bone. 
It is evident here, as stated in the preface, 
that their “hypotheses . . . are subject to 
change without notice.’’ Although the 
authors’ theories of parathormone action 
have been modified to include a direct 
action on bone, the recent work of Jahan 
and Pitts and of Stoerk may require that 
further modification be made in the next 
edition. 

A few theoretical inconsistencies appear 
in the monograph; attention should be 
called to at least one of these: The dangers 
of metastatic calcification in chronic renal 
insufficiency are emphasized in the section 
on “parathyroid poisoning’’; some para- 
graphs later, however, treatment with 
alkali, vitamin D and a high calcium intake 
is recommended for the bone disease some- 
times accompanying this disorder. Although 
the resulting increase in calcium absorption 
from the intestinal tract may produce 
‘spectacular’? improvement in the osteitis 
fibrosa generalisata, progressive renal dam- 
age would seem inescapable. 


In the same chapter acidosis is held to be 
the cause of the bone disturbance in 
secondary hyperparathyroidism; the rela- 
tion of acidosis occurring in renal tubular 
disease without nitrogen retention to the 
associated osteomalacia is, however, not 
mentioned in the discussion of this disease. 
There is little question that the authors’ 
conception of the pathogenesis of the bone 
disorder accompanying renal tubular acido- 
sis will require some modification as new 
evidence is obtained. The value of their 
contribution to the treatment of this dis- 
order, however, remains undisputed. 

There are few publications in the field of 
bone disease in which as much fundamental 
information is so authoritatively presented 
and applied to clinical problems in so brief 
a space as in this monograph. It will be of 
interest to the practicing physician as well 
as to the student of bone disease. 

K.1.P. 


Communicable Disease Control. By Gaylor W. 
Anderson, and Margaret G. Arnstein, M.p., 2nd ed., 450 
pages. New York. The Macmillan Co. Price $5.00. 


This second edition of an introductory 
reference book of preventive medicine 
brings to the reader an up-to-date account 
of the available control measures in the 
realm of communicable diseases. As is 
emphasized by the authors the material is 
primarily concerned with community pro- 
tection rather than with the handling of 
individual patients with infectious diseases. 

The first part of the book briefly covers 
the regulations and responsibilities of the 
various local, state and federal agencies, 
while the remaining sections evaluate the 
different control measures available in 
specific communicable diseases. 

For general public health purposes the 
subject is covered in great enough detail. 
For those wishing to pursue particular 
problems in greater detail the authors have 
included adequate references at the con- 
clusion of each chapter. 

A.R.L., JR. 
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ira 
ordinary preparations of natural oral estrogens frequently 


prejudice the menopausal patient against therapy. 


tion odor the menopausal patient's co- 


ira 


no breath or persp 
operation in accepting and continuing therapy is more readily secured. 


g after-taste and unpleasant breath and persp 
... a refined and purified non-conjugated estrogenic prep- 


intended for oral administration . . . is completely freed of all 
odoriferous contaminants. Because MENAGEN leaves no after-taste and 


imparts 


ORAL ESTROGENS, PARKE-DAVIS 


lin 
(being natural estrogen) impart that feeling of well-being so rarely 


obtainable with synthetic estrogens. Unvarying potency is, of course, 
assured by rigorous standardization. 


oral estrogen therapy that 


The visual attractiveness of the bright flame-colored capsules still 
further enhances their “patient appeal.” 


MENAGEN: Available in bottles of 100 and 1000 capsules. (Each 


Clinically, MENAGEN Capsules are exceptionally well-tolerated, and 
capsule contains 10,000 International Units of estrogenic activity. ) 
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Outstanding Value... 


The Seal of Acceptance denotes that 
the nutritional statements made in 
this advertisement are acceptable to 
the Council on Foods and Nutrition 
of the American Medical Association. 


Outstanding Nutritional Benefits 


Whether the pocketbook calls for economy or permits satisfaction 
of that urge for the fanciest cuts, meat gives your patients full 
value for their money. Every cut and kind of meat supplies, in 
abundance, these essential nutrients: 

1. Biologically complete protein... the kind which satisfies 
the requirements for growth and which is needed daily for 
tissue maintenance, antibody formation, hemoglobin syn- 
thesis, and good physical condition. 

2. The essential B complex vitamins, thiamine, riboflavin, and 
niacin. 

3. Essential minerals, including iron in particular. 

In addition to these tangible values, meat ranks exceptionally 
high not only in taste and palate appeal, but also in satiety value. 

The instinctive choice of meat as man’s favorite protein food 

has behind it sound nutritional justification.* 


*McLester, J. S.: Protein Comes Into Its Own, J.A.M.A. 139:897 (Apr. 2,) 1949 


American Meat Institute 
Main Office, Chicago...Members Throughout the United States 
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Distressing symptoms of urinary tract infec- 
tion such as urinary frequency, pain and 
burning on urination can be relieved prompt- 
ly in a high percentage of patients through 
the simple procedure of administering Pyri- 
dium orally. 

With this easy-to-administer and safe uri- 
nary analgesic, physicians can often provide 
their patients with almost immediate relief 
from distressing urinary symptoms during 


under TREATMENT 


ENJOYS 
from distressing 
URINARY SYMPTOMS 


the time that other therapeutic measures are 
directed toward alleviating the underlying 
condition. 

Pyridium is virtually nontoxic in thera- 
peutic dosage and can be administered 
concomitantly with streptomycin, penicillin, 
sulfonamides, or other specific therapy. 


The complete story of Pyridium and its 
clinical use is available on request. 
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powder 
inhalation 


Now the simplicity and convenience of pow- 
der inhalation therapy promises prompt relief 
in bronchial asthma, thanks to an effective 
new drug, available as a powder in Aero- 
halor* Cartridges. The drug is Norisodrine 
Sulfate, a sympathomimetic amine with a 
marked bronchodilating effect. 

For oral inhalation, the patient uses the 
Aerohalor®, Abbott's powder inhaler, and a 
multiple-dose cartridge containing Noriso- 
drine Sulfate powder. He follows the ‘‘smoke 
it like a pipe’’ procedure already popularized 
by the Aerohalor, except that for a single 
dose he inhales only a small portion of the 
contents of one cartridge. Relief usually fol- 
lows quickly. Effectiveness of the drug has 
been confirmed by clinical observation.!.2 

When the drug is properly administered, 
side-effects are infrequently encountered 
and usually are minor in nature. However, 
overdosage can result in disturbing side- 
effects. It is imperative that the physician 
know and carefully instruct the patient in 
the methods of administration and precau- 


tions to be taken. It is recommended that the 
dosage for each patient be carefully estab- 
lished under the physician's personal super- 
vision. Write now for your copy of literature. 
ABBOTT LABORATORIES, NORTH CHICAGO, ILL. 


HOW SUPPLIED: 


POWDER 
10% POWDER—Each Aerohalor Cartridge 


contains Norisodrine SulfatelO mg. and 
Lactose 90 mg. Supplied in boxes of 12. 


25% POWDER—Each Aerohalor Cartridge 
contains Norisodrine Sulfate 25 mg. and 
Lactose 75 mg. Supplied in boxes of 12. 


SOLUTION 
NORISODRINE SULFATE SOLUTION 


1:100—For use wit nd nebulizer or by 
oxygen aerosolization. Each cc. contains 
Norisodrine Sulfate 10 mg. In bottles of 10 cc. 


1. Krasno, L. R., Grossman, M., and Ivy C. (1948), 
The Inhalation of Norisodrine Science, 
108:476, Oct. 29. 2. Krasno, L. R., Grossman, M. I., 

yaroxypheny sopropylaminoethano oriso- 
drine Sulfate Dust), J. Allergy, 20:111, March. 


*Trade Mark for Abbott Sifter Cartridge. 


(Isopropylarterenol Sulfate, Abbott) — 
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Harvey, K.M.; Ferrer, M.I.; Cathcart, R.T.; Rich- 
ards, D.W., and Cournand, A.: Some Effects of 
Digoxin upon the Heart and Circulation in Man: 
Am. J. Med. 7:439 (Oct.) 1949, 


2. Batterman, R.G., and DeGraff, A.C.: Comparative 
Study on the Use of the Purified Digitalis Glyco- 
sides, Digoxin, Digitoxin, and Lanatoside C, for the 
Management of Ambulatory Patients with Conges- 
tive Heart Failure: Am. Heart J. 34:663 (Nov.)1947. 


3. Schaaf, R.S.; Hurst, J. W., and Williams, C.: The 
Management of Auricular Flutter: Med. Clin. N. 
Am. p. 1255 (Sept.) 1949. 


Digoxin has been selected for use in fundamental 
studies on the hemodynamics of heart failure’ and 
as a glycoside of choice for practical clinical treat- 


ment of heart failure’ and auricular flutter.’ 


Harvey et al.’ stated that in patients with left-sided 
heart failure “Digoxin produced a significant rise 
in cardiac output and stroke volume accompanied 


by a decrease in pulmonary arterial pressure.” 


Schaaf et al.’ have concluded from their studies at 
the Massachusetts General Hospital that in the treat- 
ment of auricular flutter “digoxin was preferred to 
digitoxin or digitalis for this purpose because of its 


greater margin of safety.” 


BURROUGHS WELLCOME & 


TUCKAHOE 7, NEW YORK 
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EACH CAPSULE CONTAINS.. 


125,000,000 YEARS 


Through the ages arthritis has been a cause of 
ain, suffering and disability for countless mil- 
ions of humans and animals. Today, the Great 

Crippler still ranks first in prevalence among all 

chronic diseases. No sure cure has withstood 

the test of time. 


However, even advanced cases of arthritis 
ere being helped by systemic rehabilitation. 
The return to gainful occupation of thousands 
of arthritic patients, who have taken Darthronol 
as aon of a systemic rehabilitation regimen, is 
evidence of the efficacy of Darthronol in abolish- 
ing pain, diminishing soft tissue swelling and 
restoring useful function. The antiarthritic effects 
of massive dosage vitamin D—as established in 
thousands of cases—are enhanced when com- 
bined with the important nutritional influences 
of the eight other vitamins which are included 
in the Darthronol formula. 


A ROERIG PREPARATION 


FOR THE ARTHRITIC 


Vitamin D (Irradiated Ergosterol).. 50,000 U.S.P. Units 
Vitamin A (Fish-Liver Oil).......... 5,000 U.S.P. Units 
Vitamin C (Ascorbic 25 Mg. 
Vitamin B, (Thiamine Hydrochloride)........... 3 mg. 
Vitamin 2 mg 
Vitamin Bg (Pyridoxine Hydrochloride)........ 0.3 mg. 
ID Mg. 
Calcium Img. 


d-alpha Tocopherol 2.4 mg. 
(Equivalent by biological assay to 3.3 mg. international Standard Vitamin E) 


J.B. ROERIG AND COMPANY, 536 Lake Shore Chicago 11], 
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FULFILLING EVERY 
REQUIREMENT OF EFFECTIVENESS 
AND PATIENT-ACCEPTANCE 


ES 
VAGINAL JELLY 


thee ars hong on 
effective barrieraction 


and 
safe for continued use 


or delicately 
estnetically agreeable 


root ot body tempera 
notexcessively lubricating 


FOR ECONOMY TO YOUR PATIENTS 
SPECIFY THE LARGE FIVE-OUNCE SIZE 


gynecological division 


JULIUS SCHMID, INC. 


A723 West 55th St New York 19 NY 


quality first since 1883 
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Back Issues Wanted 


(In good condition) 


THE AMERICAN JOURNAL OF 
MEDICINE 


will pay 
$1.00 per copy for the 
following issues: 


July 1946 
August 1946 
September 1946 
October 1946 
November 1946 
January 1947 
February 1947 
March 1947 
April 1947 
June 1947 
1948 
February 1948 
July 1948 


Send to 


THE YORKE 
PUBLISHING COMPANY, Inc. 
49 West 45th Street New York 19, N. Y. 


With the growing of arthritis asa 

disease with joint manifestations," 
most clinicians today appreciate that 
constipation and common gastrointestinal 
dysfunctions are.not only susceptible of 
betterment but should be included in any 
wide-angled approach to the [arthritis] 
problem.”?2 Which is why Occy-Crystine is 

more and more utilized for its 

(yet non-irritant) cathartic and | 


cholagogue action. 


Composition: Occy-Crystine is 4 hypertonic 
solution of pH 8.4, made up of the following active 
ingredients — sodium thiosulfate and magnesium 
sulfate, to which the sulfates of potassium and 
calcium are added in small amounts, contributing 
to the maintenance of solubility. 


References 
Pemberton, R.: Rev. Gastroenterol., 9:91, 1942. 
2. Spockman, E.. w. et al; Am. J. M. Sci., 1941. 


OCCY-CRYSTINE LABORATORY Salishery, Connecticat 


crystine 
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*RUTAMINAL is the trademark of Schenley 
laboratories, Inc. and designates exclu- 
sively its brand of tablets containing 
rutin, aminophylline, and phenoborbitol. 


schenley laboratories, inc., 350 fifth ave., new york 1, n. y. 
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he 

protection 

of 

rutin 

the 

action 

of 
aminophylline 
the 

sedation 

of 
phenobarbital 
—for 

use 

in 

selected 
cardiovascular 
and 

diabetic 
conditions 

in 

which 
excessive 
capillary 
fragility 
presents 

complicating 


‘hazard 


—bottles 


of 
100 
tablets 


© Schenley laboratories, Inc. 
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ANNOUNCING 


SECOND PRINTING 
Am EDITION 


4 
25,000 copies sold 
first six months 


Twenty-five thousand copies of this quick 
reference service have been sold to 


You need this book — 


COMPLETELY DESCRIBES Té6 know about Ethical Drugs 

To know all the cautions 

To be informed on new and old drugs 
inde xed Three Ways, To save yourself time and trouble 
Alphabetically 

ond by Manufac 


Marion Howard, 


vere yo: 


Typical Description 


— | 


B,, CONCENTRATE (Armour) 
DESCRIPTION: An aqueous solution containing 10 micrograms of vitamin By: per cc. 
ACTION AND USES: Effects an adequate hematopoietic in pernicious anemia 


response 
cases; offers a substitute for liver therapy in the treatment of pernicious anemia 
patients who exhibit a sensitivity to liver extract. An important adjunct to liver 
therapy in the treatment of pernicious anemia, nutritional macrocytic anemia, non- 
tropical sprue and tropical sprue. ° 

ADMINISTRATION: Intramuscularly, preferably in the gluteal muscle. In macrocytic 
anemia of pregnancy, 10 to 20 micrograms once a week until termination of pregnancy. 
In macrocytic anemia of infancy, 10 to 20 micrograms until blood count returns to 
normal. In nutritional anemia may vary from 6 to 100 micrograms over a 
14 day period to obtain an optimal response. In most pernicious anemia cases 25 
micrograms per week results in an optimal response. 


SUPPLY: B:: CONCENTRATE —Vials, rubber-capped, 10 cc. 


1949 Edition 
Bound in Red Fabricoid | 
1,200 pages, Size 2” x 6” x 9” 
Price Postpaid $12 U.S.A.— 
$14 Foreign _ 


Drug Publications, Inc. 
49 West 45th St.,. New York 19, N. Y. 
Enclosed is the sum of twelve dollars ($12 U.S.A.) for which 


lease send me postpaid the new Fourth Edition of the MODERN 
ENCYCLOPEDIA AND THERAPEUTICINDEX AND MODERN DRUGS. 


City , Zone State 
U.S.A. $12 Foreign $14 | 
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THE GEORGE WASHINGTON UNIVERSITY 
SCHOOL OF MEDICINE 


Announces an 


INTENSIVE POSTGRADUATE COURSE 
IN 


INTERNAL MEDICINE 
March 13-17, 1950 


stressing current trends in diagnosis and treatment 
of common medical disorders 


FOR FURTHER DETAILS, WRITE: 


The George Washington University School of Medicine 
Office of Director, Postgraduate Instruction University Hospital : 
901 TwenTy-THIRD STREET, N.W., WASHINGTON 7, D.C. 
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preferred... 
topical analgesic-decongestive 
treatment 


MOTIZINE 


—in inflammatory conditions, glandular 
swellings, contusions, sprains, strains, 
furunculoses, abscesses. 


@ Relieves pain 


@ Increases local 
circulation 


@ Absorbs exudates 
@ Reduces swelling 


@ Easy to apply and 
remove 


NUMOTIZINE, Inc. 


900 N. Franklin Street 
Chicago 10, Illinois 


| 
Numotizine is supplied ¢: 
4, 8 15 and 30 oz. jars. 
i 


now, better relief with... 


Rob 


rationally formulated 


a distinctive, 
new, non-narcotic 
antitussive-expectorant 


At last, something really new in cough syrups 
.. something completely rational . . . clinically 


sound . .. Robitussin ‘Robins’. Robitussin employs 


glyceryl guaiacolate and desoxyephedrine 
hydrochloride, in a palatable 
aromatic syrup vehicle. 


Glyceryl guaiacolate has proven an effective 
aid to expectoration, and a cough ameliorator 
with prolonged action, through its increase in 


and thinning of respiratory tract fivid;'-2-3 yet it 


has no ill effect upon digestion." 


ephedrine’s sympathomimetic action is 

also well recognized *. 5.6, by relaxing spasm of 
the bronchial musculature and helping maintain 
normal respiratory smooth muscle tone, 

it greatly minimizes the provocation of cough 
from spasm.> At the same time it affords relief 
from psychic depression or a feeling of fatigue. 


The syrupy vehicle, with its aromatic volatile 
oils, has a local demulcent effect. Furthermore, it 


assures patient cooperation by providing a base 


which makes Robitussin one of the most 
palatable of all antitussive-expectorants. 


You will find Robitussin ‘Robins’ an exceptionally 
efficient, safe, therapeutic tool in the manage- 
ment of cough—for both adults and children. 


fUSSIN 


FORMULA: Each 5 ce..(4 


Glyceryl Guaiacolate .. . 100 mg. 


Hydrochloride . . 1 mg. 
In a palatable aromatic syrup. 


DOSAGE: Children: one-half to one teaspoonful, 
according to age, three or more times daily. 
Adults: one or two teaspoonfuls, as necessary 
every two to three hours. 


SUPPLIED: Pint and gallon bottles. 


REFERENCES: 1. Connell, W. F. et al: Canadian Med. 
Assoc. J., 42:220, 1940. 2. Perry, W. F. and Boyd, E. M.: 
J. Pharm. Exper. Ther., 73:65, 1941. 3. Stevens, M. E. et al: 
Canadian Med. Assoc. J., 48:124, 1943. 4. Foltz, E. E. 

et al: J. Lab. Clin. Med., 28:603, 1943. 5. Grahom, B. E.: 
ind. Eng. Chem., ind. Ed., age sas 1945. 6. Schulz, F, 
and Deckner, S.: Klin. Wochschr., 21:674, 1942. 


ROBITUSSIN—For Rational Cough Management 
A. H. ROBINS COMPANY, INC. 


RICHMOND 20, VIRGINIA 
Ethical Pharmaceuticals of Merit since 1878 


7 
Robins 
| Sobins, 
| 
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= clinically proved! 
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